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THERE abundant evidence that the complex metabolic activity pathogen 


establishing disease under the cultural conditions the host’s tissues 


different from its metabolism vitro. Thus, the change morphology and 
colony appearance and the decrease virulence which occurs subcultivating 
recently isolated organisms well known. The method increasing the viru- 
lence organisms animal passage means that substances and processes con- 
nected with virulence are produced vivo (possibly result mutation), 
and not any significant extent culture vitro. similar conclusion can 
drawn from the difficulty impossibility distinguishing between virulent 
and avirulent strains certain species such Pasteurella pestis (Wilson and 
Miles, 1948 Jawetz and Meyer, 1943 Pollitzer, 1952) vitro tests. Perhaps 
the most striking instances the difference are those which the use living 
vaccines forms the only effective means preventing the disease. 

seems, therefore, that chemical extraction organisms and their products 
obtained from infected animals would fruitful, particularly connection with 
studies virulence. Chemical fractionation body fluids containing extra- 
cellular products infecting organism has been done before Cromartie, 
Watson, Bloom and Heckly, 1947). This not for the bacterial substance. 
the present, organisms grown vivo have not been obtained large 
enough quantity and sufficient purity for chemical examination their 
products and metabolism. 

This paper describes method for collecting Bacillus anthracis and its products 
from infected guinea-pigs for use study virulence described the next 
paper (Smith, Keppie and Stanley, 1953). The same method has been tried 
small scale for the separation products from infections with several different 
species pathogenic bacteria. was equally successful regards the collection 
bacteria free from blood cells. Briefly, the method consists collecting the 
blood and thoracic and peritoneal exudates from infected animals and removing 
the blood cells from the bacteria and their products differential centrifugation 
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low temperatures. 
materials and bacteria adequate purity are follows 

ensure sufficient quantity bacteria, only those diseases which produce 
large number organisms accessible locations the host could studied. 
inevitable that only relatively small proportion the organisms and their 
products present experimental animal can collected per cent for 
the anthrax infection described below). Large volumes infected exudate 
were desirable the thoracic and peritoneal cavities facilitate removal the 
maximum amount material. Initial infection was therefore carried out 
these cavities. obtain the maximum yield products, the largest available 
animal, e.g., sheep, would have the best host for the infection, but, the 
ultimate products chemical extractions are adequately tested biologically 
homologous system, species available quantity has used. The 
guinea-pig was successful compromise between these two requirements. 

The purity extracellular products from vivo cultures must low, since 
they are grossly contaminated with plasma constituents. hoped that 
chemical fractionation will remove these impurities. regards the bacteria, 
however, the possibility obtaining them almost free blood cells presented 
itself. For subsequent chemical fractionation bacterial extracts contami- 
nation less than per cent blood-cell substance could reasonably called 
negligible would probably diluted out most extraction procedures. 
Since the degree contamination with blood cells was followed haemo- 
cytometer counts during the differential centrifugation, the relative sizes blood 
cells the chains bacilli) anthrax organisms were estimated. Figures 
2.5-5 for red blood cells and for white blood cells were obtained. This 
means that haemocytometer counts the final product must indicate contami- 
nation less than 0-05 per cent for each type cell, the limit purity stated 
above maintained. For organisms smaller than these bacterial chains 
this figure would have less than per cent. 

obtain this degree purity careful attention must given the details 
the method described below, especially those dealing with the removal 
supernatants from lightly packed blood cell deposits. 


METHODS AND RESULTS. 


Abbreviations—red blood cell (R.B.C.), white blood cell (W.B.C.), chain 
anthrax organisms (B.C.). 


Method used for the Collection and Separation anthracis and 
its Products from Infected Guinea-pigs. 


The experimental disease. 


One hundred guinea-pigs g.) were given simultaneous intrapulmonary and 
intraperitoneal injections anthracis spores. The strain used (N.P.) was non- 
proteolytic mutant the Vollum strain obtained Wright, Hedberg and Feinberg (1951). 


DESCRIPTION PLATE. 

Fic. for collection supernatants and for their re-distribution into fresh 
centrifuge pots. 

2.—The deposit after high-speed centrifugation successive batches material showing 
the single layer blood cells beneath the bacteria. 

Fic. 3.—The final bacterial deposits together with the blood cells which have been removed 

the washing procedure. 


The general problems obtaining sufficient quantity 
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was selected from group virulent strains which were tested preliminary experi- 
ments for their ability produce large volumes thoracic and peritoneal exudate. 
dense stock suspension heated spores was stored and was the single source 
anthracis employed throughout this work. All the 100 guinea-pigs infected this manner 
died hr. later. the main septicaemia begins within few hours death and in- 
creases hourly the body fluids were collected immediately after death. 


Collection infected body fluids. 


The dead animal was secured sloping board with the head higher than the hind 
quarters. This allowed the exudate drain the bottom the cavities and aided its 
subsequent removal. The chest was opened and the exudate (15-30 ml.) collected 
syringe and expelled into centrifuge pots (250 ml.) standing inice. The latter had caps made 
lint prevent the escape aerosol, and they contained sufficient sodium citrate give 
final concentration 0-6 per cent w/v. The blood was collected after the chest had been 
opened and the lungs removed, puncturing the heart and severing the veins and arteries. 
The blood and the peritoneal exudate were added the thoracic exudate. Each animal 
gave 20-30 ml. this mixture which contained chains anthrax bacilli 
(4-8 per chain) per ml. 


Low temperature manipulation the material. 


described above, the infected body fluids were cooled ice immediately after collection. 
From then all the procedures described below such centrifugation and filtration were 
carried out Fig. shows apparatus which simplified the careful removal large 
volumes supernatants from cell deposits. The material was drawn into the ice-cold 
reservoir slight negative pressure produced water pump. could then dis- 
pensed into fresh centrifuge pots when necessary. 


Separation the bulk the blood cells from bacteria differential centrifugation. 


The infected body fluids were processed continuousty they were collected. Three full 
centrifuge pots (250 ml.) constituted the first batch and two pots each subsequent batch. 

First slow initial material was centrifuged 500 r.p.m. (60 for 
hr. The supernatant containing the bacteria was removed within in. 
the blood-cell deposit and distributed into two fresh pots (250 ml.). The impure super- 
natant remaining was added the next sample initial material. The deposit blood 
cells was discarded. 

Second slow supernatant was again centrifuged 500 r.p.m. for 
Only two-thirds the supernatant was removed avoid disturbing the small blood- 
cell deposit. The same two pots were used for this centrifugation subsequent batches. 
When all the infected fluids had been treated, the material remaining these two pots 
(160-180 ml., B.C. count 108/ml.) constituted per cent the total yield. 
avoid losing this material and reduce its content blood cells the required level 
was twice centrifuged 500 r.p.m. for hr. Each time almost all the supernatant was 
carefully removed from the cell deposits which were discarded. 

High speed supernatant was centrifuged 10,000 r.p.m. (12,000 
for min. the sealed head angle centrifuge. The supernatants plasma/exudate 
were removed but the bacteria from 100 guinea-pigs were accumulated the same tubes. 

The cell counts recorded Table show the progressive removal blood cells this 
differential centrifugation without loss bacteria. 


Removal the remainder the blood cells while washing the bacierial deposit. 


the end differential centrifugation the total bacteria were contaminated with 
per cent R.B.C. and 0-2 per cent W.B.C. successive batches were centrifuged 
the blood cells did not form layered arrangement with the bacteria one might have 
expected, but slipped through the deposit form single red-cell layer the bottom 
the tube. Fig. shows the cell deposits this stage the process. 

The bacteria were freed from adhering plasma/exudate washing them three times 
with Locke’s solution, and during this process the remaining blood cells were removed the 
following manner. the careful use Pasteur pipette, first the undiluted sludge 
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I.—Summary Cell-counts during Differential Centrifugation Infected 
Blood and 


Percentage contamination with 


Bacterial chains blood cells. 
Number per ml. 
Nature sample. R.B.C. W.B.C. 


First slow centrifugation 


Second slow 
Supernatant 


1-8 1-4 (0-7-3-0) 0-2 


Removal bacteria high speed 
centrifugation 


These figures are summary haemocytometer counts for B.C., R.B.C., and W.B.C. carried 
out different batches material average figures are quoted and the range given 


and then with the use little the washing fluid, most the bacteria could removed 
from the red cell layer. The bacteria were distributed into tubes and the blood cells con- 
taining some adhering bacteria were collected into one tube. The material all tubes was 
then washed with Locke’s solution (approx. ml. per tube). After high-speed centrifuga- 
tion described above the supernatants were collected and more bacteria could now 
removed from the single red layer. This procedure was repeated twice. After the final 
washing, few bacteria remained removed from the blood cells, which were discarded 
(see Fig. 3). 

The counts recorded Table confirm the success the washing procedure removing 
the remaining blood cells give the final product. 


TABLE Cell-counts during the Removal Remaining Blood Cells 
when the Bacteria were Washed. 


Percentage contamination with 


Bacterial chains blood cells. 
Number per ml. 
The blood-cell layer (10 0-4 Large numbers 


These figures are summary haemocytometer counts for B.C., R.B.C., and W.B.C. carried 
out different batches material average figures are quoted and the range given brackets. 


Treatment and total yield plasma/exudate and bacteria. 


The plasma/exudate collected from the high-speed centrifugation 
filtration. Berkfeld candles originally used have recently been replaced Millipore 
filters the Lovell Chemical Company, Watertown 72, Massachusetts, U.S.A., with excellent 
results. are composed cellulose acetate and are the thickness normal laboratory 
filter-paper hence there possibility large scale absorption products. obtain 
good filtration rate, the somewhat viscous plasma/exudate was diluted with equal quan- 
tity Locke’s solution. 

The bacterial sludge was immediately extracted the methods described later. The 
three washings the bacteria were collected separately from the plasma/exudate since they 
might contain materials washed from the surface the bacteria. 

Table III summarizes the yield plasma/exudate and bacteria obtained from five 


different batches 100 guinea-pigs. The small loss bacteria the total discarded blood 
cell deposits included. 
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100 Guinea-pigs. 


Initial Recovered bacteria 
material Recovered (Volume final 
from 100 suspension Discarded R.B.C./ 
guinea-pigs. exudate. 225 W.B.C. deposits. 


Loss 


(B.C. Wt. (g.) B.C. 
count Number dried Number per 

per ml.) (Vol. (ml.). per B.C. 
Vol. 

2-2 1-7 1-8 400 1-0 
1-7 1-7 1-7 450 0-9 
2-2 2°5 600 1-1 


For details preparation sce next paper. 


Application the Above Method the Products Other Infections. 


test whether the method could generally applied obtain bacteria sufficient 
purity, small numbers guinea-pigs were infected with five different organisms. These 
were recently isolated strains Streptococcus pyogenes strains), Streptococcus pneumoniae, 
Staphylococcus aureus, Listerella monocytogenes and virulent strain Past. pestis. 
Dense suspensions the first five organisms were prepared washing off cultures blood 
agar with Locke’s solution. Past. pestis was grown one tryptic meat agar slope, washed 
off with Locke’s solution (10 ml.) and diluted 1/100. Each suspension was injected intra- 
pulmonarily ml.) and intraperitoneally ml.) into two guinea-pigs (over 800 g.); the 
Str. pneumoniae suspension was mixed with equal amount per cent w/v hog gastric 
mucin. All the animals died hr. and with the exception those infected with 
List. monocytogenes, contained large numbers organisms their body fluids. The thor- 
exudate, peritoneal exudate (washed out with Locke’s solution (10 ml.) containing 0-6 
per cent citrate) and blood were collected, and treated described above. The cell counts 
recorded Table show that blood-cell contamination very low the end differential 
centrifugation. Counts were difficult the final deposits owing the presence clumps 
formed high-speed centrifugation. These counts are not included Table IV, but they 
indicated even lower contamination with blood cells. 


after Differential Centrifugation the Products Harvested 
from Other Infections Guinea-pigs. 


Number (per ml.) cells present after differential centri- 
fugation. 


Organism producing the infection. 


from two guinea-pigs (over 800 g.) infected with the organism under test. 


q Staph. aureus . 2 x 10° ” ” 1 ” ol 

The products (approx. ml.) were the bulked thoracic exudate, peritoneal washings and blood 
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DISCUSSION AND SUMMARY. 


Using anthracis the guinea-pig, method has been established for the 
separation bacteria and their products from infections experimental animals. 
has been possible collect from 100 infected guinea-pigs 
anthracis and body fluids containing the extracellular products 
this organism. These quantities were sufficiently large allow chemical 
study the factors involved the virulence anthracis guinea-pigs (see 
following paper). 

This the first time that large quantities bacteria have been collected from 
culture vivo. high degree freedom from blood cells has been obtained 
process involving only small overall loss per cent) the total 
bacteria collected. The maximum contamination (0-03 per cent) with both 
types blood cell was well below the desired limit indicated the introduction 
this paper. 

regards the almost complete separation blood cells from bacteria, this 
method has been shown equally effective for the body fluids obtained from 
five other infections guinea-pigs. Since the experiments were small scale, 
definite information other than the counts given Table has been gained 
the amount material that could obtained from these infections. 


Our thanks are due Dr. Henderson and Prof. Morgan for 
encouragement, particularly the early stages this work. are also in- 
debted Mr. Snape for excellent technical assistance, our colleague Mr. 
Zwartouw for the photographs, and the Animal Farm for the 
supply guinea-pigs. 

Acknowledgment made the Chief Scientist, Ministry Supply, for per- 
mission publish this paper. 
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the purification and chemical identification bacterial products have 
been related mostly their immunising action and their serological behaviour. 
Less attention has been given the part played these products the disease 
process and causing the death the host. This particularly true those 
organisms capable producing septicaemic conditions which potent extra- 
cellular toxins seem play part. The research now undertaken directed 
towards chemical identification substances and processes connected with the 
virulence organisms producing such septicaemic diseases. 

The virulence bacterium best defined its capacity infect the host 
and establish disease. the organism must overcome the defence mech- 
anisms the host. The course the disease influenced the strength the 
latter, which may affect the metabolism the organism. There abundant 
evidence that the complex metabolic activity pathogen establishing disease 
different from its metabolism vitro. The particular nutritional 
the host tissues undoubtedly play their part, but the possibility that the organ- 
ism reacts some way the challenge the host’s defence mechanisms must 
borne mind. 

Our limited knowledge bacterial nutrition makes impossible the moment 
reproduce vitro the conditions growth vivo. seemed therefore that 
the best way studying compounds and reactions responsible for virulence was 
use organisms and their products isolated from infected animals spite 
the technical difficulties involved. This does not necessarily mean, Bail and 
Weil suggested (1911), that there absolute difference between “animal 
organisms and those grown vitro. compounds and reactions responsible 
for virulence the host could identified, might lead the production 
defined media some the metabolic processes which occur vivo. The 
recent preparation the immunising antigen Bacillus anthracis artificial 
culture (Gladstone, 1946, 1948) encouraging this respect. 

was therefore decided carry out work the chemical basis virulence, 
using starting materials the bacteria and their products from infected animals. 
anthracis was chosen the pathogen studied for two main reasons. 
the first place anthrax characterised the presence the host large numbers 
organisms, and this made probable that the yield bacteria would satis- 
factory. Secondly, the extracts from the literature given below show that the 
precise chemical basis invasiveness, killing power and immunity the disease 
unknown, However, sufficient biological knowledge has been gained indi- 
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indicate the general lines attack these problems and the probable 
value materials harvested from growth vivo. 

Reviews the literature the pathology and immunochemistry anthracis 
and its infections are available (Sobernheim, 1913, 1931 Cromartie, Bloom and 
Watson, 1947; Treffers, 1947). Only the main outlines present knowledge 
the disease are mentioned here, and will seen that attention has been 
focussed three main topics. 

Immunity anthrax has received much attention. For nearly half century 
following the use live attenuated cultures Pasteur (1881), and sterile oedema 
fluid from infected animals Bail (1904), for successful vaccination against the 
disease, further progress was made. Dead bacteria and various bacterial 
extracts (Gladstone, 1946) were ineffective. Gladstone (1946, 1948) however 
using hoc methods produced extracellular immunising antigen vitro 
culture, fact which has been confirmed (Heckly and Goldwasser, 1949 Wright, 
Hedberg and Feinberg, 1951). This protective antigen has not yet been connected 
experimental evidence with any the usual serological reactions (Watson, 
Cromartie, Bloom, Kegeles and Heckly, 1947), with any aspect virulence, 
although Bail (1904) suggested its identity with the aggressin. Its chemical 
nature unknown and does not appear connected with either the two 
known antigens anthracis (Staub and Graber, 1943; Staub, 1949), the 
polyglutamic acid and Bruckner (1937) the somatic polysaccharide 
(1940). Watson, Cromartie, Bloom, Kegeles and Heckly (1947) 
found that immunising activity was associated with the globulin fraction rabbit 
oedema fluid. 

With regard the ability anthracis grow the host tissues, Bail 
and Weil (1911) found that anthrax lesions contain substances which interfere 

‘with host resistance. These substances were termed aggressins, and together with 
similar substances from other organisms formed the basis the much discussed 
theory (see Wilson and Miles, 1948). Gruber and Futaki (1907) 
and Preiss (1909) suggested that these substances were associated with the forma- 
tion the capsule, because crude capsular material protected the organism 
from phagocytosis and the bactericidal action certain body fluids. Bail and 
Weil (1911) did not think that the aggressin and the capsule were connected. 
chemical study has progressed far enough correlate these aggressins with 
one more definite chemical compounds, but Watson, Cromartie, Bloom, Heckly, 
McGhee and Weissman (1947) showed that their crude inflammatory factor 
inhibited completely the anthracidal substance from leucocytes and other tissue 


cells. 
Finally, the cause the death the host has received some attention, but 
definite conclusions have been reached. The main property the crude 
factor the above workers was its ability produce the oede- 
matous tissue damage characteristic the disease, but was not grossly toxic. 


This property and its anticoagulant activity showed the difference between this 
preparation, which contained high proportion glutamic acid, and the 
polyglutamic acid Bacillus subtilis. and Hewlett (1930) and Sobern- 
heim (1931) regarded the presence definite toxin unproven, and some recent 
work King and Stein (1950) supports this view. Several different workers 
agree that marked hyperglycaemia occurs anthrax infection (Cromartie al., 
1947; Bloom, McGhee, Cromartie and Watson, 1947). interference with 
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calcium metabolism suggested possible cause death the work Bloom 
al. (1947). The symptoms the disease were compared with those calcium 
deficiency, and the protective effect certain calcium salts was noted. Deoxy- 
genation the blood and mechanical capillary obstruction have also been put 
forward possible explanations, but have not yet been substantiated (Cromartie 
al., 1947; Bloom al., 1947). Moulin (1936) noted lesions the nervous 
system anthrax, and attributed the symptoms the disease and the death 
the host damage this system. 

previous paper (Smith, Keppie and Stanley, 1953) method described 
for the collection and separation anthracis and body fluids containing its 
extracellular products from infected guinea-pigs quantities and 
respectively, from 100 animals. The bacteria were almost free from 
blood cells (not more than 0-03 per cent), and the quantity these products was 
sufficient for chemical approach the question virulence anthracis 
guinea-pigs. 

The sterile extracellular products, although grossly contaminated with plasma 
constituents, could examined directly for biological properties connected with 
virulence, and undergo chemical extraction for the substances responsible for 
these biological properties. Before the same procedure could adopted for the 
bacterial substance two questions remain answered. First, were these 
bacteria appreciably different from those obtained growing the same strain 
under variety conditions could sterile extracts containing 
nearly 100 per cent the original bacterial substance prepared mild methods 
The work described this paper gives affirmative answer both questions. 


METHODS AND RESULTS. 
these experiments the strain anthracis (N.P.) and the breed guinea- 
pig used were those employed the infection from which the bacterial products 
were obtained (Smith al., 1953). 


The Difference between anthracis from Infected Guinea-pigs and those 
Cultivated vitro. 

The organisms from infected guinea-pigs were shown different from those 
cultivated vitro combination three criteria. Two these, morphology 
and susceptibility phagocytosis, are well known, The behaviour the organ- 
isms dilute solution ammonium carbonate however has not been previously 
described. 


For this comparison anthracis was grown vitro four different media—tryptic meat 
broth (T.M.B.), modified medium Brewer, McCullough, Mills, Roessler and Herbst (1946) 
(B.M.), sheep serum and citrated guinea-pig plasma (G.P.P.). Using turbidity measure- 
ments guide, samples were taken four different times—at the beginning, the middle 
and the end the phase rapid growth and Table gives the details the pre- 
paration these cultures. The bacteria were collected centrifugation (12,000 0°, 
and washed with Locke’s solution described for the organisms obtained from infected 


guinea-pigs. 


Morphology and susceptibility phagocytosis. 
Bacteria isolated from infected guinea-pigs had well-developed capsules, and 
were completely resistant the action guinea-pig phagocytes the system 
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TaBLE Measurements during the Growth anthracis 
Different Media. 
Time shaken 37° (hr.). 


8.8. 0-22 0-53 0-72 0-83 0-82 0-81 0-86 


inoculum 107 spores per ml. medium. Figures are turbidity (—log per- 
centage transmission wave length 610 compared with blank the original medium. 

The time (hr.) which the four samples cultures were taken for comparison with organisms 
grown vivo the methods described the text were follows: T.M.B. 34, 24; B.M. 6}, 
74, 10, 24; 64, 10, 24; G.P.P. 24. 

For definition media see text. 
Spores previously germinated tryptic meat broth. 


described the following paper (Keppie, Smith and Harris-Smith, 1953). Young 
organisms from T.M.B. cultures were almost devoid capsule and had resis- 
tance phagocytosis. Young organisms from the other three media had cap- 
sules which varied width according the medium, but were smaller than those 
organisms from animals. They also resisted phagocytosis except for small 
minority cells which appeared degenerate and had lost their capsule. 

true therefore for the strain N.P. for other virulent strains 
anthracis that the organisms from infected host have better-developed capsules 
and are more completely resistant phagocytosis than are most organisms grown 
vitro. 


The action 0-16 per cent w/v ammonium carbonate solution. 


anthracis isolated from guinea-pigs dissolve readily ammonium carbonate 
solution. This property has been used distinguish these organisms from the 
samples which were grown vitro and collected described above. 


The washed organisms from ml. culture were immediately homogenised with ice- 
cold distilled water ml.). This suspension (9-6 ml.) was placed two spectrophoto- 
meter tubes. one tube per cent w/v ammonium carbonate solution (0-4 ml.) was added, 
and the control the same amount water. The tubes were kept and various 
time intervals turbidity readings log per cent transmission light wave length 610 
mu.) were taken using distilled water blank. Any lysis the organisms 0-16 per cent 
w/v ammonium carbonate solution was thus detected. 

was important that the amount organisms treated with ammonium carbonate 
should the same order all samples. Although the amounts organisms ml. 
the cultures described above were not they all produced turbidity reading 
within the range before the addition ammonium carbonate. The amounts 
bacteria isolated from guinea-pigs and used five comparison experiments were selected 
that their initial turbidity readings extended over Variation initial turbidity 
within thisrange did not significantly affect the degree lysis. The figures quoted Table 
are the averages the five experiments. 

Table summarises the results these experiments. most them there 
was slight change the turbidity reading the control the experiment 
proceeded. For the sake brevity presenting large number comparisons 
experiment with control, the figures quoted are the differences between the 
reading the control, and ‘that the experiment expressed percentage 


the former, control 67, experiment 0-46, figure quoted 31; control 0-65, 
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Action 0-16 per cent Ammonium Carbonate 
Solution anthracis grown vivo and vitro, 


Sample Time readings (hr.). 
anthracis.* 


Organisms isolated 
from guinea-pigs 


bo 


T.M.B. 


G.P.P. 


The figures are the lysis organisms ammonium carbonate solution, indi- 
cating they are the difference between the turbidity readings log percentage transmission 
wave-length 610 mu.) the control and those the experiment, expressed percentage the 
former. 
For details preparation see Table 


experiment 0-17, figure quoted 74. figures are the average two more 
experiments, and are measure the lysis the organisms the dilute 
ammonium carbonate solution. 

The rapid solution the vivo-grown organisms not shown the 
samples organisms grown vitro even those obtained from media containing 
plasma constituents. 


Preparation Sterile Bacterial Extracts Mild Methods. 


these experiments the washed anthracis from infected guinea-pigs 
were used. 


Attempts remove the capsule from anthracis. 


The evidence that the capsule anthracis composed polyglutamic acid 
consists solely the fact that non-capsulated organisms produce none this 
material. When capsule formed there reason suppose that con- 
sists entirely polyglutamic acid. Indeed Tomesik (1951) has put forward some 
evidence for the presence polysaccharide the capsule. preferential removal 
the capsule would have been great value these studies view the possi- 
ble connection the capsule with virulence (Treffers, 1947). Following the 
publication the work Amies (1951) the removal the capsule from 
Pasteurella pestis solution KCNS, which mentioned that the same 
method worked for Bacillus mycoides, considerable attention was devoted this 
problem, but without success. 
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presence capsule. The following substances were examined various con- 
centrations both room temperature and see they would preferentially 
remove the capsule :—KCNS, KI, NH,CNS, sodium salicylate, guanidine hydro- 
chloride, urea, ammoniacal copper sulphate, ammonium acetate, mono-, di- and 
triethanolamine, tergitol, sodium taurocholate, sodium desoxycholate, formamide, 
ethylene glycol, diethylene glycol, pyridine, ether water, chloroform water, 
dilute ammonia solutions, NaOH and acetic acid. Not one had the 
desired effect. 

Although clear-cut removal the capsule could effected, stained films 
anthracis grown vivo show that some capsular material tends become 
detached from the organism. This supported the fact that chemical frac- 
tionation the plasma/exudate has revealed the presence polyglutamic acid. 
There distinct possibility that the three washings the bacteria with Locke’s 
solution (Smith al., 1953) may have removed some capsular material. These 
washings have been kept separate for chemical and biological examination. 


bacterial extract prepared the action 0-16 per cent w/v ammonium carbonate. 


was noticed the above experiments that per cent aqueous pyridine and 
0-1 ammonia solution dissolved the organisms completely 0°. This was 
not solely effect since NaHCO,, Na,CO, and NaOH solutions did not give 
the same degree lysis. 

Concentrating the action the ammonium ion rather than that pyridine, 
experiments were designed find the lowest which this ion would effect 
complete solution the organisms. Mixtures ammonia, ammonium carbonate 
and ammonium acetate dilute solution were used. 0-16 per cent w/v ammon- 
ium carbonate solution (pH 8-8) was the most satisfactory, and after the organisms 
ammonium carbonate and ammonium acetate with reactions below did 
not dissolve the organisms. Spores were not affected. After lysis the viable 
count corresponded the few spores present the original suspension. 


The procedure for preparing the extract follows: The sludge (50 ml.) bacterial 
chains from 100 guinea-pigs was transferred ice-cold distilled water bottle 
(900 ml.) containing glass beads (100 ml.). Ammonium carbonate solution per cent w/v, 
ml.) was added and the bottle filled with water and shaken overnight. The solution 
was clarified from slight turbidity centrifugation for min. 10,000 r.p.m. 
(12,000 refrigerated centrifuge. After filtering through sintered glass filters and testing 
for sterility the extract was freeze-dried. The small residue from centrifugation was re- 
extracted with 0-16 per cent w/v ammonium carbonate solution (80 ml.). 


Table III shows the details five routine preparations this extract which 
the yield insoluble material also given. This material, which was autoclaved, 
freeze-dried and finally dried 0-1 mm. and 60° before weighing, consisted 
spores and bacterial débris. 

totally unexpected advantage this method was the sublimation the 
ammonium carbonate during freeze-drying. Determination ammonia 
ammonium salts different freeze-dried preparations corresponded per 
cent ammonium carbonate. This small quantity ammonia probably 
present the ammonium salts other acids. 


The classical method wet India ink preparations was used indicate the 


| 
{ 
| 
q 


PROPERTIES ANTHRACIS GROWN VIVO 


Extraction anthracis with Ammonium Carbonate 
Solution and Shaking with Ballotini. 


Soluble material 
*Wt. (g.) 
Initial extract 
material corrected 
(from 100 for moisture Insoluble material. 
Nature guinea-pigs). and solids the 
extract Total No. Wt. (g.) Locke’s soln. Percentage 
(vol. approx. filtered bacterial soluble 
800 ml. B.C. extract. extract. sludge. Dry wt. (g.). material. 
(0-16 per cent 4-9 8-7 2-1 1-7 
Ballotini 2-2 1-8 0-075 4-2 
5-1 2-0 1-6 0-061 


Loss 0-1 mm. and 60°. Vol. sludge ml.; the weight the solids 
the Locke’s solution the sludge cannot more than 0-5 g., and estimated 0-25 


bacterial extract prepared shaking with ballotini 0°. 


more conventional method extraction was that used Curran and Evans 
(1942) and King and Alexander (1948). The organisms were shaken with water 
and Grade 12, minute glass beads with average diameter 
0-13 mm. (Messrs. Chance Bros., Smethwick, England). After preliminary 
experiments find the best proportions ballotini, distilled water and bacterial 
sludge the following procedure was used 

The bacterial sludge from 100 guinea-pigs was transferred with ice-cold water 
bottle (1150 ml.) containing ballotini (350 ml.). The bottle was filled with 
distilled water and shaken hr. only small air bubble being left that 
foam (and denaturation) was reduced minimum. The extract, the 
which hardly varied from 7-0, was treated the same manner the ammonium 
carbonate extract. The re-extraction the residue was done with water (80 ml.) 
and ballotini (35 ml.). 

Table III includes the details four routine preparations which the yield 
insoluble material (treated described above) quoted. This material 
consisted spores and bacterial debris. 


Results freezing and thawing experiments. 


freezing the diluted bacterial sludge —20°, then allowing thaw 
room temperature and repeating the process times, the viable count the 
sample dropped However, the samples after this procedure 
remained grossly turbid, and there was hope sterile filtration yielding 
soluble extract containing the same high proportion bacterial substance 
the previous two methods. This method was therefore abandoned. 
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DISCUSSION. 


The widely held view that organisms from infected host differ from those 

obtained from cultures has been substantiated for anthracis (N.P.) from infected 
guinea-pigs. study morphology and susceptibility phagocytosis sharply 
differentiated organisms grown vivo from those grown broth, but not from 
those cultivated the other three media which contained some plasma constit- 
uents. However, the rapid lysis organisms from guinea-pigs ammonium car- 
bonate solution was not shown any the organisms grown vitro including 
those from media containing plasma constituents. This lysis, the basis which 
unknown, serves underline the chemical difference between these organisms. 

After the failure attempts remove the capsule anthracis, two methods, 
the use ammonium carbonate solution and shaking with ballotini have been 
used dissolve the bacterial substance with excellent results. The proportion 
material dissolved was over per cent. the two methods, extraction with 
dilute ammonium carbonate solution was easier carry out, and doubtful 
whether any gross harm was done constituents 0-3°. 
However, the second method extraction 7-0 rules out any possible detri- 
mental effect these slightly alkaline conditions. 

Future work the chemical basis virulence anthracis guinea-pigs 
will follow three main lines. Plasma/exudate (extracellular products) and both 
bacterial extracts will examined biological tests connected with virulence. 
The crude materials will then examined chemically identify the substances 
responsible for particular biological activity. This involves the extension the 
above tests into biological assays for fractionation samples. Finally, observations 
the metabolism anthracis body fluids may attempted together 
with its repercussions the metabolism the host. The following paper 
describes the first these investigations. 


SUMMARY. 


anthracis organisms harvested from infected guinea-pigs have been shown 
different from those grown under variety conditions vitro mainly 
their rapid lysis ammonium carbonate solution. 

Sterile bacterial extracts anthracis grown vivo have been prepared 
two mild methods and contain over per cent the bacterial substance. 


Our thanks are due Mrs. Harris-Smith for carrying out the phagocytic 
tests. 

Acknowledgment made the Chief Scientist, Ministry Supply, for permis- 
sion publish this paper. 
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previous paper method described for collecting and separating large 
quantities Bacillus anthracis and its extracellular products (plasma/exudate) 
from infected guinea-pigs. Two sterile extracts the intracellular material 
(ammonium carbonate extract and ballotini extract) were prepared dissolving 
the organisms almost completely under mild conditions (Smith, Keppie and 
Stanley, 1953a, 6). These crude preparations have been examined for biological 
properties connected with virulence preliminary chemical fractionation 
for the compounds responsible for such activity. This paper describes the behav- 
iour these preparations tests for toxicity, tissue-damaging activity, aggress- 
ins, and protective antigen. Similar studies the extracellular products have 
already been reported (Treffers, 1947), but this not for the intracellular pro- 
ducts anthracis grown vivo. The behaviour the latter the biological 
tests therefore special interest. 

The results are discussed relation anthrax the guinea-pig. 


METHODS AND RESULTS. 


these experiments the strain anthracis (N.P.) and the breed guinea- 
pigs used were those employed the infection from which the bacterial products 
were obtained (Smith al., 1953a, b,). Abbreviations used describe the latter 
are P.E. (plasma exudate,) A.C.E. (ammonium carbonate extract) and B.E. 
(ballotini extract). 


— 


Non-toxicity anthracis Products 


Eurich and Hewlett (1930) and Sobernheim (1931) doubted the toxicity 
anthrax products, and this was supported the work King and Stein (1950). 
They found that intra- and extracellular products moderately virulent strain 
anthracis grown under various conditions vitro were non-toxic mice 
the doses given. The use extracts infected mouse spleens gave equally 
negative results. 

addition using highly virulent anthracis harvested from infected 
guinea-pigs, more quantitative approach this question toxicity was made 
the experiments reported below. The aim was treat guinea-pigs (500 g.) 
with sterile bacterial extract equivalent more bacteria than there are guinea- 
pig when dies anthrax, and with volume P.E. greater than 100 ml. this 
approximately the volume extracellular fluid guinea-pig (500 g.). 


The number chains (4-8 bacteria) guinea-pigs dead from anthrax was 
estimated accurately possible. Six guinea-pigs were examined immediately after 
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death, and haemocytometer counts were carried out samples the blood, thoracic and 
peritoneal exudates, liver, spleen, lung and kidney two cases. The latter tissues were 
weighed after being removed from the animal, ground with water and sand mortar 
form fine suspension, and then suitable dilutions these suspensions were taken for count- 
ing. gives the number anthrax bacilli estimated present the whole guinea- 
pig and the main viscera. The total counts for each animal the series were similar. 


I.—An Estimate the Number and Location Anthrax Bacilli 
Infected Guinea-Pigs Death. 


Guinea- Blood Peritoneal and 
pig (estimated Spleen Liver Lungs Kidneys thoracic 
2-73 0-88 0-56 0-1 0°38 (15 ml.) 
are the total number bacterial chains (4-8 bacilli) each tissue determined 


haemocytometer counts. 


Since was intended inject P.E. volumes 100 ml. more, the tolerance 
guinea-pigs (500 g.) the intraperitoneal injection large volumes normal 
guinea-pig plasma was investigated. Injection these large volumes was carried 
out high the flank avoid subsequent leakage. Citrated plasma was toxic 
the required volumes, but heparinised plasma (or plasma from defibrinated blood) 
was not toxic limit 200 ml. (see Table 

the collection anthracis and its products (Smith al., 1953a) for these 
toxicity experiments, heparin (10 I.U./ml.) and not citrate was used 
the anticoagulant. 


bacterial extracts. 


The bacteria were used immediately after the differential centrifugation procedure and 
removal the final The washing with Locke’s solution was omitted avoid the danger 
removing destroying toxic principles this treatment. Bacterial counts this sludge 
showed that the total quantity bacteria was appoximately the number estimated 
present one guinea-pig (500 g.) when dies anthrax. The material was divided 
into parts, and after the treatments described below, each part was injected into single 
guinea pig (500 g.) This meant that each guinea-pig received bacterial extract equivalent 
approximately twice the number anthrax bacilli estimated present guinea-pig 
killed unlikely that the error the latter estimate more than twofold. 

The total bacterial sludge was homogenised distilled water (800 ml.) and divided into 
parts which were treated follows. 

(a) Filtered described previously (Smith al., 1953b). After 
filtering, the solution (160 ml. ml. water used wash the filter) was adjusted 
with acetic acid and made isotonic adding sodium chloride g.). 

Filtered described previously. After filtering, the solution (160 
ml. ml. water used wash the filter) was made isotonic adding sodium chloride (1-4g.) 

(c) described for (a), but instead being filtered 
sterile, the solution (160 ml.) was adjusted 7-2, rendered isotonic and incubated 
37° for hr. with penicillin (1000 units/ml.). 

(d) Penicillin-treated described for (b) and treated with penicillin 
described for (c). 

(e) Heat- and penicillin-treated bacterial suspension.—The suspension (160 ml.) was heated 
60° for min., adjusted rendered isotonic and treated with penicillin described 
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determine whether the bacterial extracts after any the above treatments 

were toxic, each preparation was injected intraperitoneally into single guinea-pig 
(500 g.), which was kept under observation for days. Table (Exp. and 
summarises the results experiments, and evident that toxin was 
demonstrable under these conditions. Preparations (c), (d) and (e) were made 
rule out possible loss toxin during filtration (a) and although this was 
unlikely since the filters were sintered glass. (c), (d) and (e) were not wholly 
free from anthracis and other organisms, the appropriate guinea-pigs were 
given daily injections oily penicillin (30,000 I.U.) try prevent infection 
this dose penicillin was innocuous control animals. Although this was inade- 
quate few instances, was clear that the unfiltered extracts were non-toxic 
those filtered. 

For comparison with these toxicity experiments, guinea-pigs (500 g.) were 
injected with the untreated live bacteria from infected guinea-pigs quantities 
1/100 and 1/10,000 those made into the preparations described above. These 
animals died very rapidly anthrax infection the times for death occur are 
included Table 


Bacterial Extracts when Injected Alone and 


Together with P.E. 
Bacterial extracts 
Bacterial extracts alone. with solids from P.E. 
(100 ml.). 
(each extract equiv. (each extract equiv. (each extract equiv. 


injected i/p (160-200 ml.). bacterial chains). bacterial chains). bacterial chains). 


No. No. No. 
guinea- guinea- guinea- 
pigs. Result. pigs. Result. pigs. Result. 
Filtered A.C.E. (sterile) Alive Alive Alive 

anthrax anthrax 
6th day hr. 

sterile) anthrax 


extract (non-sterile) streptococcal 
infection 
hr. 
tity each extract and hr. and hr. and hr. 
Live bacteria 1/10,000 quan- Died hr. Diedin 18, 
tity each extract 18, and 19, and 
hr. hr. 


The guinea-pigs used weighed 500 and were observed for days. 
The result single preliminary experiment with filtered B.E. included here. 


DESCRIPTION PLATE. 
Tissue changes guinea-pigs hr. after intradermal injection (0-2 ml.) solutions per cent 

w/v) sterile anthrax products. 

Fic. adjacent cutaneous muscle. 

Fic. 2.—P.E., more superficial field. 

3.—A.C.E. 

Fic. 4.—B.E. 


q 
3 
4. 
hr. 
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Non-toxicity P.E. 

Quantities equivalent 75, 100, 150 and 200 ml. undiluted P.E. were injec- 
ted into guinea-pigs (500 g.). described previously (Smith al., 1953a), the 
undiluted P.E. collected had mixed with equal volume diluent 
ensure satisfactory filtration through filters. Since the maximum 
volume tolerated guinea-pig (500 g.) was 200 ml., the 150 ml. and 200 ml. 
quantities undiluted P.E. were obtained isotonic solution diluting with 
water before filtration, freeze-drying and reconstituting. Any possible adverse 
effects this treatment were ruled out for the ml. and 100 ml. quantities 
diluting with Locke’s solution and injecting 150 ml. and 200 ml. respectively 
after filtration. 

Table III summarises the results obtained experiments with different 
batches P.E. includes the results controls given normal heparinised 
guinea-pig plasma. toxic extracellular substances were detected the P.E. 
under these conditions. 


Control (combined results three different 
(normal heparinised plasma). batches). 
Volume material No. No. 
injected (i.p., ml.). guinea-pigs. Result.* 
and 6th day) (6th day). 
(7th day) 


*The animals were observed for days. 


Non-toxicity bacterial extracts and when injected together. 


The experiment which showed the non-toxicity bacterial extracts when 
injected alone was repeated but instead adding sodium chloride make the 
preparations isotonic, the freeze-dried solids from 100 ml. undiluted P.E. were 
dissolved solutions (a), (b), (c), and (e) described above. The results this 
experiment are included Table II. The mixtures products were non-toxic 
under these conditions. 


Tissue-damaging Activity anthracis Products. 


Watson, Cromartie, Bloom, Heckly, McGhee and Weissman (1947) showed that 
crude oedema fluid, and fraction it, produced lesion injected intradermally 
into rabbits. The histopathology this lesion was similar that produced 
anthracis similar site. Some tissue damage was produced our products 
which, however, was not extensive long duration. 

Intradermal injections per cent w/v solutions (0-2 ml.) A.C.E., 
and P.E. (dialysed) were made guinea-pigs. 

Macroscopically A.C.E. and B.E. produced only trace oedema, which quick- 
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faded. P.E. produced small oedematous plaque within hr., but the oedema 
and congestion were short-lived and were diminishing hr. 

The tissue changes are shown Fig. and The tissue reactions pro- 
duced P.E. and the two bacterial extracts were similar, and differed only 
degree, the P.E. reaction being the more widespread. The whole depth the 
corium was involved, the changes being greatest the deeper layers adjacent 
the cutaneous muscle. selective damage any particular tissue was found. 

The site the injection showed loss the superficial layers the epidermis, 
leaving accumulation disintegrating polymorphs with fibrinous coagulum. 
The deeper layers the epidermis showed little change although only thin layer 
the epithelium remained. The papillary connective tissue small area under 
the bleb showed hyaline necrosis with few polymorphs the margin. Down- 
wards through the corium there was some oedema which pushed the collagen 
fibres apart. Polymorphs were widely scattered all the spaces, but were accumu- 
lated the clefts between fibres the mid-zone the corium (Fig. 2), where 
localised abscess may formed. There was evidence destruction frag- 
mentation collagen (Watson al., 1947), but some fibres showed hyaline 
change and stained deeply with eosin (Fig. Oedema was greater towards the 
muscle, and there was some fibrinous coagulum the tissue spaces. Scattered 
polymorphs were present the oedematous tissue and some red cells were free 
the tissue spaces (Fig. 1). Deep the there was oedema and fibrinous 
accumulation, and there the red cells were present greater numbers and there 
were haemorrhages from damaged capillaries. 

The peak the reaction had occurred hr. and hr. resolution had 
begun. the 7th day healing was almost complete. 


The Aggressin Activity anthracis Products. 


A.C.E., B.E. and P.E. have been tested for aggressin, the capacity inter- 
fere with the host defence mechanisms (Bail, Bail and Weil, 1911). Tests 
for such activities the promotion infection sub-lethal doses organisms 
and interference with the phagocytic and bactericidal power blood will des- 
cribed. The two latter tests have been developed into biological assays which 
can used for detecting aggressin during the chemical purification crude pro- 
ducts. The activity crude products the tests will described here, but the 


results the chemical fractionation and statistical examination the assays 


will given elsewhere. 


The promotion anthracis infection guinea pigs anthracis products. 


Preliminary experiments showed that anthracis spores gelatin-Locke 
solution (20 ml.) were non-lethal for guinea-pigs g.) the intraperitoneal 
route 10* spores this route are needed kill all animals. order 
test solutions P.E. per cent w/v), A.C.E. per cent w/v) and B.E. (1-25 
per cent w/v) for their capacity promote infection, spores were injected with 
ml. each these solutions using groups guinea-pigs. All these animals 
died, whereas deaths occurred control animals. 

Aggressin activity was thus demonstrated the intracellular products well 
the extracellular products. The large amount material necessary for this 
vivo test makes unsuitable routine assay for chemical fractionation. 
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The antiphagocytic activity anthracis products. 


The A.C.E., B.E., and were examined for antiphagocytic activity 
the following vitro phagocytosis test. Citrate has definite antiphagocytic 
action this test 1947): therefore the samples P.E. were dialysed 
against distilled water before use. 


fresh defibrinated guinea-pig blood (0-4 ml.) contained waxed bottle ml.) gelatin- 
Locke solution (0-4 ml.) containing the test material was added, and the mixture was kept 
37° for min. broth suspension (0-2 ml.) anthracis was then added. This suspen- 
sion contained ten times many organisms 0-2 ml. there were polymorphs 0-4 ml. 
the blood. was prepared adding the correct number spores broth and keeping the 
mixture 37° for min. The spores had then formed small stainable diploid organisms 
which were easy count when inside the phagocytes. The final mixture was rotated 
37° for min., cooled ice and centrifuged and then 2000 r.p.m. 
(10 min). The well-defined white cell layer was filmed and stained with Leishman’s stain. 
Organisms 100 phagocytes were counted, and the mean phagocytic index for the experi- 
mental sample was compared with that the control. Several concentrations the mat- 
erials under test were examined, and Table summarises the results one number 
tests carried out each sample. The antiphagocytic activity A.C.E., B.E. well 
P.E. well marked. Absence citrate 0-3 per cent) the freeze-dried products was 
confirmed the chemical method Hargreaves, Abrahams and Vickery (1951). 


and Antibactericidal Activity 
anthracis Products. 
Antibactericidal test. (Figures are 
Antiphagocytic test. the viable counts equivalent 
Mean phagocytic samples the mixtures.) 
Nature Concentration index from count 


test material. per cent. 100 phagocytes. 


Nil (control) 104 


(control) 


1-25 
0-62 


Nil (control) 


P.E. (Batch 


(P.E. Batch 


Whole defibrinated guinea-pig blood was used. Details the tests are given the text. 
Figure not significantly lower than the control. 


The antibactericidal activity anthracis products. 


This test was carried out described for the anti-phagocytic test, except that the number 
germinated anthracis spores added was one-tenth the number polymorphs the 
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blood, and rotation the final mixture was continued for hr. Immediately after adding 
the organisms and before rotation 37°, sample was taken from each waxed bottle. After 
appropriate dilution gelatin-Locke, measured volume was spread nutrient agar 
plates for viable count. Thesame procedure was repeated after rotation the hot room, 
but plates were used for each sample bactericidal action defibrinated guinea-pig 
blood, which reduced the viable count the control low figure, was inhibited A.C.E., 
B.E. and the two citrate-free samples P.E.; the greater the aggressin activity the test 
material, the higher was the final viable count. 


Table includes typical results which demonstrate anti-bactericidal activity 


The nature the bactericidal action defibrinated guinea-pig blood. 


could shown that normal guinea-pig serum had bactericidal action 
broth cultures anthracis. The presence anthracidal substance 
leucocytes (Bloom, Watson, Cromartie and Freed, 1947) suggested the possibility 
that secretion such substance the white cells might occur after the bacilli 
were added (see also Bail and Weil, 1911). This was disproved determining 
the fate all the organisms used phagocytosis tests. These were carried out 
without the addition any experimental material. After min. rotation 
37°, samples were taken for viable and phagocytic counts described before. 
Rotation was continued and further samples were taken min. and min. 
Table gives the results obtained several experiments. These show that the 
sum the organisms remaining viable and the number phagocytosed equalled 


the number organisms initially added. This means that under these conditions 
there extracellular bactericidal activity. 


TaBLE the Action Defibrinated Guinea-Pig Blood 
anthracis from Broth Culture. 


Distribution bacteria after incubation for the time interval stated. 


added the Phag Phago- 


Figures are the total count the mixture ml.). 
The ratio organisms phagocytes this mixture approximately 10: 


possible that the viable counts after the action the blood were reduced 
the number polymorphs present, since these may each have contained one 
viable organism which gave rise colony the viable count. Application 
this correction does not affect the main conclusion, that there extensive 
extra-cellular bactericidal activity. 


These results were confirmed smaller number experiments using the 
conditions the bactericidal test. 
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The Immunising Activity anthracis Products. 


The literature already reviewed (Smith al., clearly shows that extra- 
cellular products anthracis whether produced vivo special conditions 
vitro contain protective antigen. Attempts detect such antigen 
extracts bacteria grown vitro have been unsuccessful, but preparations from 
bacteria grown vivo have not far been examined. The results active 
immunisation experiments A.C.E. and B.E. are therefore special interest. 

P.E., A.C.E. and B.E. were examined for their power produce active immu- 
nity the following test. Guinea-pigs g.) were given subcutaneous 
injections ml.) the test material 7-day intervals. One week after the last 
injection the animals were challenged with 1000 L.D. anthracis spores. 
Deaths were recorded days. This test now used biological assay 
the protective antigen the chemical fractionation P.E. Full details this 
fractionation and the biological assay, especially the statistical treatment 
data, will published elsewhere. 


Activity P.E. 


Several batches freeze-dried P.E. have been tested for their immunising 
power guinea-pigs with similar results. The combined results show that with 
concentrations (per cent) 0-5 and 0-025 the number survivors was 10/10 
35/38, 11/15 and 3/15 respectively. must noted that per cent solution 
freeze-dried P.E. approximately equivalent undiluted P.E. collected from 
guinea-pigs approximately 1/3rd the dry solids are the sodium citrate and 
salts the Locke’s solution added during harvesting. 

Further experiments have shown that P.E. does not lose appreciable immunis- 
ing activity freeze-drying and does not confer passive immunity also protects 
rabbits against anthracis infection. When examined separately, both the 
blood plasma and the cavity exudate from infected guinea-pigs have immunising 
activity. 


Inactivity A.C.E. and B.E. 


The following solutions, per cent w/v A.C.E., 2-5 per cent w/v A.C.E. (differ- 
ent batch) and per cent w/v B.E. gave protection and guinea- 
pigs respectively the test for protective antigen. The quantity bacterial 
extract used for one guinea-pig these experiments was derived from the bac- 
teria removed from approximately 100 ml. P.E. the harvesting procedure 
(Smith al., 1953a). This quantity P.E. virtue its content extracellu- 
lar antigen would immunise 150 guinea-pigs. Tests have shown that treatment 
with ammonium carbonate shaking with ballotini does not affect the protective 
activity P.E. 

The results obtained with these bacterial extracts show that the intracellular 
products anthracis grown vivo are devoid immunising activity are 
similar vitro preparations. This further confirms the essentially extracellular 
nature the immunising antigen anthracis. 

There was possibility that the immunising antigen was high concentration 
the surface the cell, and was removed the Locke’s solution when the 
bacteria were washed. This was excluded examination the activity the 
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three individual wash solutions. Activity was only apparent the first 
and this was more than that accounted for the presence P.E. 


Connection between the protective antigen and the aggressin P.E. 


The fractions P.E. resulting from purification studies have been tested 
parallel for protective antigen and for aggressin means the tests described 
earlier. samples from three different types fractionation, preliminary results 
have shown interesting correlation worth mentioning here between protective 
antigen and aggressin. The results are summarised Table VI. 


Protective Antigen and Aggressins. 


Lowest active concentration* (per cent) 


Type Antiphagocytic Antibactericidal 
fractionation. Fraction. Immunising test. test. test. 


Ammonium sulphate 0-8 1-5 
barium acetate 0-05 0-06 


The volume solutions used and other details these tests are described the text figures 
the table are concentrations solutions used test material. 


The samples tested were not pure materials, and therefore the possibility 
remains that two different substances are responsible for each activity. However, 
the correlation the present noteworthy, and supported the finding 
that sample purified protective antigen produced artificial cultures (Strange 
and Belton, personal communication) had aggressin activity both tests. 


DISCUSSION. 


The evidence given the first part this paper strongly indicates the absence 
any well-defined endo- exotoxin the materials from anthracis infec- 
tion guinea-pigs. This supports earlier work (Eurich and Hewlett, 1930; 
Sobernheim, 1931 King and Stein, 1950) using materials prepared culture 
vitro. Gross toxicity almost certainly ruled out our experiments. The 
quantities materials injected into single guinea-pig were unusually large, and 
the methods preparing the extracts were very mild. absence gross 
toxicity might expected view the large numbers bacilli present 
the guinea-pig death, which suggests that the toxicity per organism cannot 
large, the host would probably die before many could produced. 

The important inference drawn from these toxicity experiments that 
the killing power anthracis associated mainly with the growth the or- 
ganism the tissues the host, rather than with any particularly active endo- 
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exotoxin. The rapid death produced the relatively small initial dose 
live organisms described the toxicity experiments shows the importance 
this growth. There are two essentials for rapid growth the host tissues, 
satisfactory nutritional medium (Bacon, Burrows and Yates, 1951), and the produc- 
tion the organisms substances which combat the normal host defence mech- 
anisms. the moment, therefore, thought that the most important chemi- 
cal substances study connection with the virulence anthracis guinea- 
pigs are the aggressins. They are present the intra- and extracellular products 
the organism, and work progress the fractionation these crude mater- 
ials for the compounds responsible for activity. relevant mention here 
that Sterne (1937), the basis observations the virulence and immunising 
power anthracis variants, suggested that virulence was perhaps determined 
two factors. One was connected with the capsule the organism, but the 
other was extracellular and was also responsible for immunising power. The 
results described above support this theory Both intra- and extracellular aggres- 
sins are present and evidence from chemical fractionation connects extracellular 
aggressin with the protective antigen. 

Once the organisms can grow abundantly, the death the host could result 
either from the combined action number relatively weak slowly acting 
harmful effects, through the host’s tissues being deprived essential nutrients 
the metabolic activity the organism. 

number the effects infection mentioned the literature (some which 
have been noticed this work with guinea-pigs) could harmful. slight 
tissue-damaging factor has been demonstrated this and other work (Sobernheim, 
1931; Watson al., 1947). The abnormalities the blood the terminal 
phases such the slight haemolysis, the increased red cell fragility, the delayed 
clotting and the agglutination red cells must result from the action some 
yet undefined harmful product anthracis. The possibility that calcium 
metabolism interfered with has been suggested Bloom, McGhee, Cromartie 
and Watson (1947), and Moulin (1936) has drawn attention evidence dam- 
age the tissues the nervous system. this connection important 
bear mind that weakly toxic materials—e.g., the lecithinase McGaughey and 
Chu (1948)—may fixed the host tissues soon they are formed, and 
would not detected the products harvested. 

should feasible connection with the second these possibilities 
determine whether the bacilli deprive the host essential materials studying 
the rate which these organisms remove physiological essentials from the fluids 
the host. 

connection with anthrax the guinea-pig, important decide whether 
the final septicaemia, which appears coincide with the period greatest distress 
the animal, essential cause death. view the the literature 
(Cromartie, Bloom and Watson, 1947; Bloom, McGhee, Cromartie and Watson, 
1947) that death from anthrax occurs some species without marked septicae- 
mia, blood films were examined from approximately 200 guinea-pigs dying from 
the form experimental anthrax used this work. every case the blood con- 
tained large numbers bacilli. The counts made the blood the six animals 
described earlier this paper are additional evidence that marked septicaemia 
precedes death the guinea-pig. This supported the fact that the total 
yield bacteria collected from successive batches 100 guinea-pigs (Smith al., 
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1953a) remarkably constant amount. Further work necessary examine 
the suggestion that guinea-pigs treated differently from those under discussion 
may die from anthrax the absence marked septicaemia. 

Study the virulence anthracis guinea-pigs being continued 
the lines indicated this discussion. 


SUMMARY. 


preliminary chemical fractionation, products anthracis harvested 
from infected guinea-pigs have been examined various biological tests connected 
with virulence. 

Large quantities intra- and extracellular products were non-toxic when 
injected intraperitoneally. 

Intra- and extracellular products contain aggressins shown their ability 
promote infection sub-lethal doses anthracis and interfere with 
phagocytosis. 

Extracellular products produced active immunity anthrax guinea-pigs 
but intracellular products did not. Evidence presented that extracellular 
aggressin and the protective antigen may the same substance. 


are indebted Dr. Joan Ross for the histological report and for the 
photographs. Our thanks are also due Mr. Snape for excellent technical 
assistance. Acknowledgement made the Chief Scientist, Ministry Supply, 
for permission publish this paper. 
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PENICILLIN and terramycin can eliminate pneumococcal infection rabbits 
made profoundly leucopenic with injections benzene (Gowans, 1953). was 
concluded that these drugs are strongly bactericidal vivo and are effective 
the absence the normal body defences. the present experiments the action 
aureomycin pneumococcal infection leucopenic rabbits was investigated. 
This some interest, since there evidence that vivo its activity greater 
than vitro tests would suggest Klein, Schorr, Tashman and Hunt, 1950). 
The action aureomycin pneumococcal infection normal mice was also 
examined. 


The Action Aureomycin Infection 


Normal and Leucopenic Rabbits. 


The methods were similar those used Gowans (1953). Normal rabbits and rabbits 
whose circulating leucocytes had been reduced below 250 cells/c.mm. repeated injections 
benzene (Selling, 1911; Rich and McKee, 1934) were infected intradermally both 
flanks with virulent Type pneumococcus (Wellcome CN33 strain). Treatment with aureo- 
mycin (50 mg./kg. body wt. 6-hourly) was started hours later, double dose being given 
for the first injection. The commercial preparation aureomycin hydrochloride buffered 
with sodium glycinate was given intravenously per cent solution saline. The rabbits 
were killed hours after the last dose antibiotic the skin lesion one side was excised, 
homogenized and cultivated broth, while that the other was examined histologically. 
Cultures blood and oedema fluid were made during the experiments. All material for 
cultivation was highly diluted, and incubation was for hours. 


RESULTS. 


Descriptions the pneumococcal skin lesions untreated normal and leuco- 
penic rabbits have been given Gowans (1953) and were confirmed the present 
work, 


Normal rabbits treated with 


Four normal rabbits were treated with aureomycin. Three these were 
killed 18, and hours after infection respectively the fourth was treated 
for hours and allowed survive. 

Macroscopically the redness and oedema were much less marked than the 
corresponding untreated rabbits, and skin purpura was never seen. The lesions 
reached maximum size about 4-5 cm. between and hours after infection 
and thereafter regressed until the end hours they were scarcely visible. 
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Absorption the oedema fluid occurred more slowly, and some was still present 
the abdominal wall days after the end the experiment. 

Histologically the skin infection became localized and the number bacteria 
declined progressively. hours the massive cellular infiltration consisted 
almost entirely granulocytes and, the untreated rabbits, these frequently 
contained cocci the denser parts the lesion. However, there was more 
phagocytosis granulocytes the treated than the untreated animals and 
the vast majority cocci remained extracellular. hours there were many 
macrophages, and many these contained the Gram-positive remains cocci. 
hours the tissues appeared completely free organisms and were 
sterile culture after hours they still contained many viable cocci. Blood 
cultures, positive first, became persistently negative after hours. 


Leucopenic rabbits treated with aureomycin. 


This group consisted four rabbits with leucocyte counts persisting below 
250 throughout the experiments. Two were treated for hours 
and two for hours. 

Macroscopically the lesions were paler than the untreated leucopenic animals; 
oedema was very slight and purpura developed. 

Histologically the lesions always contained few granulocytes, but the 
numbers rarely exceeded per high-power field and they showed phagocytosis. 
There were number scattered macrophages, few which contained many 
Gram-positive cocci. During treatment the number visible cocci declined 
rather more slowly than the normal animals, and even after hours one 
two morphologically unaltered Gram-positive organisms still remained. 
hours these apparently normal cocci were plentiful, and could seen both 
diffusely scattered throughout the tissues and often gathered into small foci 
near blood-vessels hours, however, they were confined almost exclusively 
the latter situation. few swollen normally staining forms were seen, and 
the parts the sections where the bacteria had been most numerous, there 
were patches fine granular Gram-negative débris often showing diplococcal 
form. 

Blood cultures, positive first, became negative after hours and remained 
until death. Cultures the skin lesions and oedema fluid were sterile 
hours, though not hours. 


The Action Aureomycin Pneumococcal Infection Normal Mice. 


Thirty female white mice weighing about were infected intraperitoneally with 0-2 
ml. 1/10,000 dilution 5-hour serum-broth culture Type pneumococcus this 
inoculum contained about 3500 organisms. Virulence was maintained mouse passage 
and lethal dose was always less than organisms. Aureomycin hydrochloride was given 
subcutaneously, per cent unbuffered solution normal saline with initial dose 
mg./kg. body wt. hours after infection, followed two further doses mg./kg. 
4-hourly intervals. This was always found cure the infection. The mice were killed 
various times after infection, and cotton-wool swab was introduced into the peritoneal 
cavity and then smeared blood agar. ensure that any failure growth was not due 
the persistence inhibitory concentration aureomycin the swab was then dropped 
into tube containing ml. serum broth, incubated and subsequently plated out. All 
plates were incubated for hours. Films the peritoneal exudate were made drawing 
slides over the surface the viscera, drying air, heat-fixing and staining with Giemsa’s 
and Gram’s stain. 
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RESULTS. 


Untreated mice died 22-36 hours after infection. the infection progressed 
the exudate became crowded with granulocytes and with extracellular pneumo- 
cocci. There was almost phagocytosis granulocytes, but careful searching 
the films showed few macrophages, some which contained organ- 
isms, morphologically unaltered and Gram-positive. These cells were not ob- 
served after hours. 

the treated mice the number extracellular cocci declined rapidly during 
the first hours treatment and then more slowly over the next hours. 
this time pneumococci were seen the films, but cultures remained positive 
for further hours. Swollen deeply stained cocci were numerous throughout 
treatment, and after hours large numbers extracellular organisms were seen 
various stages disintegration. These ranged from morphologically normal 
Gram-negative diplococci amorphous mass Gram-negative débris. During 
the first hours treatment the inflammatory response was intense and con- 
sisted almost entirely granulocytes. hours number macrophages 
had appeared. Phagocytosis these cells, however, was negligible. 


DISCUSSION. 


Normal and leucopenic rabbits were infected with virulent pneumococci and 
treated intravenously with large doses aureomycin. the leucopenic 
the bacteria disappeared from the lesions more slowly and the cultures remained 
positive longer than the normal animals. The difference was not great, how- 
ever, and both groups the lesions were sterile hours. There was more 
phagocytosis granulocytes normal rabbits treated with aureomycin than 
the untreated controls. These experiments show that the powerful bactericidal 
action aureomycin against pneumococcal infection rabbits does not depend 
the activity granulocytes. 

The cocci the skin the leucopenic rabbits became reduced finely 
granular Gram-negative débris often showing diplococcal structure. was 
concluded that these organisms had undergone lysis. 

The experiments with mice confirmed the view that during treatment with 
large doses aureomycin phagocytosis granulocytes plays part eliminat- 
ing pneumococci and that the organisms undergo extracellular lysis. 

all the lesions the leucopenic rabbits there were number macrophages. 
Most them showed phagocytosis, but the few which did the number 
ingested cocci was considerable. However, thought unlikely that phago- 
cytosis few cells could have assisted materially eliminating the infection, 
especially much extracellular bacterial debris was always present sterile 
lesions. the lesions normal treated rabbits many macrophages containing 
the remains pneumococci were seen the later stages, but whether they were 
removing dead cocci had actually contributed the killing the organisms 
not known. Phagocytosis pneumococci macrophages was also seen 
peritoneal exudate from mice, but again the number cells involved makes 
unlikely that their contribution the killing the organisms was important. 

concluded from these experiments that large systemic doses aureo- 
rapid and complete bactericidal action pneumococci rabbits 
and mice. 
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generalised infection which the parotid glands are very frequently 
though not invariably involved. Other organs may affected and Banks (1951) 
states that complications the disease may meningo-encephalitis per 
cent cases, orchitis 37-5 per cent, pancreatitis per cent and oophori- 
tis less frequently. 

the past these complications were recognised part the disease 
mumps only when they were accompanied obvious swelling the parotid 
glands. Since the development serological methods during the last ten years 
has been possible decide with certainty that these complications can occur 
without any clinical sign involvement the salivary glands. Kilham (1949) 
found that proved cases mumps meningo-encephalitis had glan- 
dular enlargement. Henderson (1952) while investigating outbreak mumps 
boarding school found that cases mumps meningitis had paro- 
titis. 

The clinical features mumps meningo-encephalitis are those mild 
meningeal reaction accompanied lymphocytosis the cerebrospinal fluid 
and followed invariably and rapidly complete recovery. The resemblance 
this illness non-paralytic poliomyelitis and the various imperfectly under- 
stood infections known aseptic meningitis close that the diseases may 
quite indistinguishable clinical grounds alone. 

Benign meningitis common among children this country during the 
summer and autumn months when both poliomyelitis and mumps epidemics 
may occur simultaneously. There thus the need for practical serological 
test with which, distinguish mumps meningo-encephalitis from the other types 
lymphocytic meningitis. 

There has not been universal approval the serological techniques that are 
inuse. Henle, Harris and Henle (1948) analysis more than two thousand 
sera showed that the antibody response the two complement-fixing antigens 
the mumps virus followed regular pattern. Antibodies the soluble 
complement-fixing antigen appeared very early the disease often reaching 
detectable level soon the second third day while antibodies the virus- 
bound antigen were only found after the eighth day the disease. 
These findings were not, however, supported the work either Aikawa and 
Meiklejohn (1949) Feller and Jordan (1950) who were unable confirm that 
the sera taken the early stages the disease reacted regularly with the 
antigen. These workers used different strain the mumps virus and slightly 
different techniques the preparation and standardisation antigens; both 
are factors which might explain the discrepancy between their results with those 
the 
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The haemagglutination inhibition test has proved reliable and consistent 
the hands Robbins, Kilham, Levens and Enders (1949), but 
(1949) was able only detect significant rise titre per cent cases 
this method. 

The purpose this work was investigate the reliability these methods 
and compare their specificity with that the neutralisation test. The use 
these techniques for two and half years has provided opportunity for 
their standardisation and has resulted the disappearance the conflict 
results which was seen work the authors quoted above. 


MATERIALS AND METHODS. 
Sera. 

Twenty-five cases typical mumps with either unilateral bilateral parotitis were 
selected for serological examination the medical staff the City Fever Hospital Edin- 
burgh. addition two children the family one (R. were investigated 
thoroughly during and after typical attacks mumps. laboratory worker provided 
samples serum intervals for over year following her recovery from the disease. Three 
meningo-encephalitis patients recently exposed mumps and without any sign 
parotitis were also investigated and are included the series which thus comprises 
total patients. 

asample the healthy adult population sera were obtained from fourth year medical 
students whose average age was years. students was possible obtain definite 
history infection the past. Further sera which were examined included from 
voluntary blood donors and from the cord blood new born infants. 

Serum samples were obtained early possible after the onset mumps and again 
after interval least or, possible, days. Sera were transferred the first 
opportunity dry ice cabinet where they were preserved 35° until required. They 
were inactivated 56° for min. before use complement fixation and haemagglutination 
inhibition tests but were not treated for the neutralisation tests. The practice re- 
inactivation the sera for min. 56° immediately before the preparation serum dilu- 
tions was useful overcoming any anticomplementary activity and was adopted routine. 


Viruses. 

The Enders strain the mumps virus was obtained from the National Institute for 
Medical Research, Mill Hill, and was used for the preparation all the antigens used the 
standard serological tests. other strains which were isolated Edinburgh were used for 
some comparative haemagglutination inhibition studies. 

The strain was isolated 1950 from the saliva hospital patient was 
readily adapted from the amniotic cavity the allantoic cavity the chick embryo where 
was cultivated routine. Both these strains were propagated inoculation the 
allantoic route 8-day-old chick embryos which were then incubated 35° for days. 

The Paul strain was isolated 1951 from child who had never been hospital and 
who had had contact with any the hospital patients this series. This strain could 
only cultivated the amniotic cavity the chick embryo and after amniotic passes 
has not been possible yet adapt grow the allantoic cavity. 

Both these Edinburgh strains were identified their specific reaction complement 
fixation and haemagglutination inhibition systems with rabbit antiserum prepared against 
the Enders strain. The two strains also produced antibodies the rabbit which reacted 
with the Enders strain the virus. Finally the sera from the patients themselves reacted 
specifically with their homologous virus well with the Enders virus. 


Complement fixation tests. 

The technique Enders and Levens (1948) was used without modification. Comple- 
ment was provided guinea-pig serum, preserved 35°, and titrated the day 
the were added each tube. 

Haemolytic system.—Sheep’s red blood cells per cent) sensitised with M.H.D. 
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amboceptor were used. After titration the complement the cells were stored over- 
night and were reincubated the following morning 37° for min. before use. 

antigens were used. The first viral (V) antigen was pool allantoic 
fluid high haemagglutination titre, dialysed against sterile phosphate buffer 
and clarified centrifuging low the second was soluble (S) antigen prepared 
method which was modification that Henle al. (1948). 

prepare the antigen whole allantoic membranes infected chick embryos were 
dried between the folds sterile filter paper and per cent w/v suspension was made 
grinding Ten Broeck tubes with normal saline. This suspension was cleared coarse 
particles low speed centrifugation and was then spun 15,000 r.p.m. for hr. The 
resulting supernatant was used the antigen had little haemagglutinating activity 
and was devoid virus elementary bodies when examined electron microscopy. 

Both antigens were standardised against the same rabbit antiserum and were used 
the test dilution which was one-half that determined the end point titration 
the box type. Control antigens were prepared according these methods from allan- 
fluid and allantoic membranes taken from normal embryos the same age those 
supplying the mumps antigens. 

Final readings the tests were made after exactly min. incubation the 37° water 
bath. The end point any titration was the last tube show per cent haemo- 
lysis less, and the results are expressed terms the initial dilution the serum. 
readings interpolation were made. 


Haemagglutination Inhibition Tests. 


These were performed the method Robbins al., (1949) which haemagglutina- 
ting doses units/ml.) the virus are added each tube and the virus serum mixtures 
are held 37° the water bath for hr. before adding the red blood cells. fowl erythro- 


cytes used were obtained wing vein puncture from six brown Leghorn cockerels which 


were reserved for the purpose. The results are expressed terms the final dilution 
the serum. 


Neutralisation Tests. 


These were done modification the technique Leymaster and Ward (1948). 
virus suspension constant infectivity was provided pool allantoic fluid preserved 
—76°; the same pool was used for all the neutralisation tests. The infectivity titre 
this pool was estimated before and after the tests were completed significant loss occurred 
and the difference end point was within experimental error (log. each serum 
were added 100 infective doses (I.D. 50) the virus dilution, and the mixtures after standing 
hr. room temperature were used inoculate groups 8-day old chick embryos. After 
incubation 35° for days the fluids were harvested and tested for the presence virus 
haemagglutination. some cases virus-serum mixtures were inoculated into groups 
three others six were used. The neutralising titre the serum was expressed the 
reciprocal the final dilution the serum which prevented the infection per cent 
more the embryos. 

Batches serological tests all kinds were arranged that series samples serum 
from patient was invariably examined simultaneously. order check the experi- 
mental error the methods fifteeen replicate titrations were set the complement fixa- 
tion and the haemagglutination inhibition methods. Using the same sera and reagents 
and performing the tests one day, the maximum variation 2-fold tube) difference 
was observed per cent the titrations performed. Thus 4-fold differences serum 
titrations were significant. 


RESULTS. 


The results tests sera from cases mumps are shown the graph 
(Fig. where antibody levels obtained different serological methods have 
been consolidated and are plotted terms negative logarithmic values. 

The neutralising antibody rose sharply the 5th-6th day the disease 
from initial titre approximately reach average maximum level 
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650 the day; every case least 8-fold rise titre was 
recorded. high level was maintained during the next 2-3 months and there- 
after the amount the antibody slowly diminished. After months however 
the level was still elevated and persisted figure four times higher than that 
determined the acute stages the illness. 

Although, during the first few days the disease, the haemagglutination- 
inhibiting (H.I.) antibody titre had slight tendency rise from its initial level 
the main increase did not occur until the 8th-12th day when titres 
1024 and 2048 were rapidly reached. Provided the first pair sera was 
obtained during the initial days the disease was always possible demon- 
strate 8-fold greater rise titre. The antibody level was maintained 


3-0 
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5-6 7-8 9-10 1344 17-18 19-20 4-9 
Days Months 
Fic. The mean logarithmic value antibody titres cases mumps estimated 


haemagglutination inhibition, neutralisation and complement fixation during and after 
the infection. 


10-18 


above 400 for some weeks when gradual decline ensued. After months, 
like the neutralising antibody the H.I. antibody remained considerably above the 
initial level. 

The anti-soluble (anti-S) complement-fixing antibody appeared very early 
the disease and titres high have been observed the second day the 
disease. The maximum level rarely was reached the day 
followed quickly decline which began the day. Unlike 
the other antibody levels here described that the anti-S antibody decreased 
relatively rapidly amount and the end nine months was often longer 
detected. High anti-S titres were not rule observed and was possible 
demonstrate 4-fold greater rise titre only out the pairs sera. 
pairs rise all was found (Fig. 2). 

The anti-viral (anti-V) complement-fixing antibody did not appear until the 
5th-8th day the disease but thereafter high levels were rapidly and constantly 
attained. Increases 16-fold were common and even when the first serum 
was taken late the 8th day the disease was always possible show 
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least 4-fold rise titre. The highest titres were observed samples serum 
collected after the 13th day the disease. 

The level was maintained for about weeks when slow decline occurred 
after months this antibody was still detectable amounts some four times 
greater than that present the early days the disease. Without exception, 
every convalescent case mumps the anti-viral antibody was raised signi- 
ficantly above the common initial titre 


Number cases 


Viral Soluble 


Fic. 2.—The -fold rise antibody titre paired sera from cases mumps estimated 
both complement fixation methods and haemagglutination inhibition. 


Haemagglutination-inhibiting antibody levels with different virus strains. 


With view determining whether differences antigenic structure occur 
strains the mumps virus, and, this so, whether the variations are 
practical importance serological work, acute sera days less) and 
convalescent sera days more) were titrated haemagglutination inhibition 
against three strains the mumps virus. These sera included paired samples. 
The differences between the end points when different virus strains are used are 
shown Table 


I.—The Titres the Same Sera Haemagglutination Inhibition Tests 
with Three Different Strains Mumps Virus. 


Titre. 


Acute Enders 
James 
=18) Paul 


Convalescent Enders 
(Total James 
19) Paul 


When the increase antibody titre the paired sera was considered was 
found that five the patients showed quite different increments with the different 
viruses. Five other patients had identical antibody titres with each virus strain 
while the remaining five identical rise titre was obtained with two strains. 
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Rise Haemagglutination Inhibition Antibodies against Three 
Different Virus Strains. 


Fold-Rise. 


Enders James Paul 


Patient. Strain. Strain. Strain. 
N.S 


There was tendency for higher end points obtained when the recently 
isolated virus strains were used haemagglutination inhibition titrations. The 
differences which are more obvious when rise antibody titre considered were 
outside the limits experimental error. one case with the classical 
Enders strain antigen rise antibody all was observed although was 
quite definitely present either the newly isolated viruses was used. 


Antibody levels healthy persons. 


examination the antibody levels 100 sera from healthy normal indi- 
viduals was undertaken determine the amounts persisting long after attack 
mumps. The figures obtained from haemagglutination inhibition and comple- 
ment fixation tests these sera from fourth year medical students, voluntary 
blood donors and new-born infants are shown Table III. 


Levels Healthy Individuals. 


No. sera No. sera 
Reciprocal No. sera examined with examined with 
serum examined with Viral C.F. Soluble C.F. 
dilution. antigen. antigen. antigen. 


Total number 


this sample the population per cent the subjects possessed 
and anti-V complement-fixing antibodies amounts considerably excess 
those the susceptible subject. The absence anti-S antibody from per 
cent the sera indicates that this substance disappears from the blood more 
rapidly than the other antibodies. 

fourth year medical students aged average years, gave 
definite history mumps the past. All had been infected before the age 
and individuals known have had the disease the preceding years 
were excluded. exact estimate the time interval between the onset 
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clinical mumps and the time serological testing was possible because only 
few students could remember accurately their age when they were infected. 
this group students per cent sera had antibody titres 128 
over, per cent had anti-V antibody titres over, and only per cent 
had anti-S titres over. 

Ten the students denied vigorously ever having had these 
(11 per cent) had detectable antibodies and could regarded susceptible 
mumps. The remaining four students had amounts H.I. and anti-V anti- 
bodies which suggested definite infection the past. one anti-S antibody 
was present titre which, together with the other antibodies, suggested 
infection during the previous year. possible that these four students gave 
inaccurate histories that they suffered from inapparent infections. 


DISCUSSION. 


The great majority people suffer from mumps their early years and are 
then immune for the result their lives. Specific antibodies, augmented per- 
haps from time time re-exposure the virus, persist the circulation for 
long periods. The level which they are maintained acquires considerable 
importance interpreting the serological findings cases lymphocytic menin- 
gitis. Several years after recovery from mumps the antibody the viral antigen 
may have titre and the haemagglutination-inhibiting antibody may 


remain 256. Table shows the titres sera obtained widely varying 


intervals after the onset mumps. 

The great value the anti-S complement fixation reaction lies the fact 
that positive finding frequently the first six days the 
illness and that therefore timely diagnostic data are available for the clinician. 
Just the presence the antibody the serum often indicates current 
infection with the typhoid bacillus, the great majority susceptible persons 
positive anti-S fixation with serum dilution more means existing 
mumps infection. 

The early appearance the anti-S antibody and its rapid climb peak 
after fourteen days makes uncommon ever obtain from active case 
mumps serum sample from which this antibody entirely lacking. The diffi- 
culty obtaining specimens serum spaced demonstrate 4-fold rise 
titre accounts for the absence this diagnostic criterion out pairs 
sera here examined. most the initial sera these pairs the antibody 
level was already high. 

The anti-viral complement fixation reaction has provided constant and 
reliable check the findings with the soluble antigen. Using this test titres 
above were always obtained after the eighth day the disease and 
whenever paired sera were examined was always possible demonstrate 
least 4-fold antibody rise (Fig. 2). 

The presence the anti-S antibody accompanied always the anti-V 
antibody indicates that infection probably occurred during the previous 
months. 

Fig. shown that sera collected during the first days mumps have 
higher anti-S than anti-V titres. From 8-14 days either antibody may reach 
higher level, while from days onwards the anti-V titres are almost invariably 

igher. 
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The simultaneous use both these complement fixation reactions with 
two more suitably spaced serum samples gives consistent and reliable results 
from the beginning disease onwards. Since the antigens remain stable for 
6-9 months the methods are also considerable practical utility. 


TaBLE Antibody Levels Sera from Cases Mumps Estimated 
Three Methods. 


Complement-fixing antibody. 


Against viral Against soluble Neutralising 
H.I. antibody. antigen. anitgen. 
Sample 
Patient. No. Titre. Rise. 


Me. 


Be te 


x 


to 


* Meningo-encephalitis without parotitis. 
N.D. = Test not done. 


16 
256 
M.I. 5 <16 <4 32 
J. B. 2 32 <4 <16 
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The antigenic stimulus which calls forth the production anti-S antibody 
probably begins take effect the end the second week the long incubation 
period mumps and thus precedes the action the viral antigen—the virus 
elementary body—by some 6-8 days. There here some indication position 
analogous the soluble phase the influenza virus postulated Hoyle (1948). 
Certainly the antigen behaves quite different manner and must regarded 
distinct from the virus elementary body which closely associated with 
haemagglutination and with the complement-fixing antigen. 


Over Days 


bv 
— 


72) 


Titre anti-viral antibody 


3.—Correlation between antibody levels against and antigens various intervals 
the onset mumps, 


The haemagglutination inhibition test almost satisfactory the comple- 
ment fixation reaction and were not for the instability the antigen required 
might conveniently used routine work. Although the sera were not 
treated with potassium periodate significant rise titre was demonstrated 
pairs sera. The adoption the technique Robbins al. (1949) 
which haemegglutinating doses virus are added each serum dilution 
has given uniformly satisfactory results. The larger amount virus used and 
the different technique virus titration employed these authors probably 
responsible for the undoubted advantage their method over that 
(1949). 
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During the first five days after the onset mumps the antibody titre 
estimated the test never above 64. The observation titre 128 
above single serum from patient who has never had mumps highly 
suggestive active infection and often followed significant rise antibody. 

Although Leymaster and Ward (1948) demonstrated the value the neutrali- 
sation test ovo attempt has been made since apply the method sero- 
logical study this type. The test has proved reliable the diagnosis 
mumps. The appearance the neutralising antibody the sixth day the 
disease and its increase and gradual decline have provided useful yardstick 
with which compare the fluctuations the other antibodies. Although the 
test technically formidable and not feasible for routine work may well 
the most accurate guide the susceptibility the individual. Sera from normal 
persons susceptible mumps not prevent the infection eggs when diluted 
over; after the first week the disease sera diluted 128 
are protective. Long after the infection has subsided the neutralising 
antibody sustained levels well above those found acute stage sera. 

three cases the patients were known have been recent contact with 
mumps; sign parotitis were ever manifest and the clinical features were 
those acute meningo-encephalitis. Serological tests sera from these 
patients gave unequivocally positive findings with considerable antibody rises 
two cases where paired sera were obtained, and initial levels well above the 
normal the third case. 

not known what proportion cases aseptic meningitis the lympho- 
cytic type are caused mumps virus. Alm (1951) used serological methods 
show that Sweden per cent cases this kind had rising titre anti- 
body this virus. even higher incidence per cent was reported 
Rasmussen (1946) the U.S.A. 374 soldiers who developed aseptic meningitis. 
start has been made the application serological methods the diagnosis 
these cases Edinburgh and far eighteen patients have been investigated. 
The serological findings have far been either negative within the limits 
described for normal healthy people. 


SUMMARY. 


Three different methods have been used estimate antibody levels 
samples human serum taken during and after mumps. 

Antibodies the two complement-fixing antigens mumps virus appear 
constant intervals after the onset infection. Those the soluble (S) antigen 
appear early the disease and reach high level before the antibodies the 
virus-bound (V) antigen begin rise. This fact great value establishing 
early diagnosis atypical cases mumps means routine serological 
methods. Later the antibodies the antigen decrease rate considerably 
faster than that other antibodies. 

The neutralising antibody appears the day and followed very 
closely the haemagglutination-inhibiting antibody. 

The haemagglutination inhibition (H.I.) test reliable and consistent but 
the antigen remains stable for only one month 35°. one third the sera 
examined, significantly higher titres were obtained this method when freshly 
isolated virus strains were used antigens. 
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biological properties the influenza viruses have been studied inten- 
sively during recent years and some them have been shown dependent 
upon specific reactive components the virus surface. Practically nothing 
known, however, about the virus architecture though probable that the 
spatial relationships the various components concerned with biological acti- 
vities like haemagglutination, complement fixation and enzyme action help 
determine the efficiency the virus unit whole. One obvious approach 
investigation virus structure the study the effects virus degradation 
different chemical and physical agents. This paper reports the effects 
ether treatment the complement-fixing antigen, the haemagglutinin and the 
receptor-destroying enzyme classical virus strains. 


MATERIALS AND 
Virus preparations. 

Influenza virus (PR8) was used for most the work but replicate experiments with 
(Lee) established that results were applicable both the major types in- 
fluenza virus. Both viruses were egg-adapted and were maintained allantoic inoculation 
10-day embryonated eggs. Virus suspensions for experiment were obtained from infected 


allantoic fluid adsorption human group red cells followed elution into physio- 
logical saline. 


Antisera. 


Rabbits were inoculated subcutaneously with single large dose virus and bled 
intervals thereafter. The sera were inactivated 56° for min. and stored sealed 
ampoules 20°. 


Haemagglutinin titrations. 

These were done the modification the Hirst-Pickels photo-electric densitometer 
method described previous paper (Belyavin, Westwood, Please and Smith, 1951). 
this method the densitometer readings are inversely proportional the unagglutinated 
cell densities the tube level traversed the optical axis the instrument. Except 


when specifically stated all red cell suspensions were prepared from the pooled blood three 
fowls. 


Complement fixation. 


measure the complement-fixing potency antigen preparation serial dilutions 

both antigen and antiserum were mixed with constant dose complement. Both 
and technique were used. The former, employing test volume 
ml. has previously been described (Smith, Westwood, Westwood and Belyavin, 1951). 


Seconded for virus research from the Staff the Public Health Laboratory Service. 
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The micro-method (Belyavin, 1953) identical principle but permits the volume each 
reagent reduced 0-02 ml., the reagents being distributed dropper pipettes plastic 
sheets described Fulton and Dumbell (1949). Incubation carried out humidity 
box and the fixation time extended min. Thirty min. after the addition standard 
volumes 0-2 per cent sensitized sheep cells the plastic sheets are rocked centripetal 
rocker which brings any intact cells the centres the test drops clearly visible dots 
The end-point, taken complete haemolysis, then easily detected naked eye 
observation. 

Antigen doses were adjusted from preliminary haemagglutinin commence 
approximately AD/ml. the macro-technique and approximately AD/ml. the 
micro-technique. 

When dilutions both antigen and antiserum are used with constant dose complement 
form chessboard titration and the end-points for each row and column are plotted 
double logarithmic scale the area enclosed the curves proportional the logarithm 
the antigen concentration initiating the dilution series. This provides reasonably ac- 
curate method for quantitative comparisons the complement-fixing potencies virus 
preparations before and after various types treatment. 


Ether treatment virus. 


Aether B.D.H. was used. Five volumes ether were added one volume 
virus suspension separating funnel. The mixture was shaken gentle to-and-fro 
motion for min. and the ether and aqueous phases then allowed separate for further 
min. This manipulation was repeated after which the ether and aqueous phases were 
either separated immediately after being kept for various periods maximum 
hr. The aqueous fraction was freed from residual ether aeration. Any precipitate 
formed this stage was removed centrifugation and discarded was found 
completely inert respect both haemagglutination and complement fixation. 


EXPERIMENTAL. 
The Effect Ether Treatment Virus Haemagglutination. 
Variability effect. 

The effect ether treatment the haemagglutinin titres different 
virus preparations was extremely variable. number experiments over 
per cent the initial haemagglutinating activity was destroyed but others 
less than per cent was lost. Many experiments were carried out try 
account for this variability they included the use purified and 
peroxide-free ether, extractions different values ranging from 6-0 
7-9, extractions the presence citrate ions, and extractions with ether 
with acetic acid. The effect variations the ambient temperature was also 
investigated. Consistent results were not obtained any these modifications. 
was noted that repeated extractions single virus preparations usually yielded 
approximately constant results although there was one exception when the 
same preparation gave haemagglutinin recoveries ranging from per cent 
three successive extractions. These were done, however, different days 
and feel that the variable factor lies the virus itself rather than the 
technique ether This possibility remains explored. 


The qualitative change the haemagglutination titration curve. 


The haemagglutination curve obtained plotting densitometer readings 
against adequate range virus dilutions always shows marked optimum 
virus concentration all tubes containing either higher lower con- 
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centrations than the optimal tube show less sedimentation the red cells 
the standard reading time and hence give lower densitometer readings. Thus 
excess virus clearly causes well-marked zone haemagglutination inhibition 
analogous the excess antigen inhibition zone serum precipitation 
Provided that enough activity remains allow demonstration inhibition 
zone any reduction the haemagglutinin content virus preparation would 
expected shift the curve bodily the left without any change the densito- 
meter reading the optimal point. This indeed the case when haemagglutinin 
activity reduced heat treatment. also the case with ether treatment 
provided that the treatment results per cent reduction. When however 
the reduction relatively slight the curve assumes different form. shifted 
downwards instead the left, with very much lower densitometer reading 
the optimal point. The results typical experiment with untreated, heated 
and ether-treated virus are illustrated Fig. 


The variability different fowl cells. 

For quantitative determinations this qualitative effect ether treatment 
virus haemagglutinin activity maximum densitometer readings could not 
used such, because densitometer readings are not linearly related cell con- 
centrations. When cell concentrations are low quite small changes suspension 
density produce large changes densitometer readings with the result that 
small effects tend spuriously magnified. avoid this simple calibration 
curve was constructed for the conversion densitometer readings percentage 
cell concentrations. Figures thus obtained actually represent cell concentrations 
the optical level the densitometer and are not strictly accurate assessments 
the relative proportions agglutinated and unagglutinated cells. They 
are however sufficiently accurate for the purpose. Throughout this paper the 
term optimal used designate the highest densitometer reading 
titration curve while the term optimal concentration refers the con- 
centration unsedimented cells the tube giving the optimal reading. The 
two optima are course inversely related. 

Four different virus batches were extracted with ether. Ether-treated and 
untreated samples each batch were titrated parallel against red cell suspen- 
sions obtained from fowls. The optimal concentrations are tabulated 


Table 


Ether Treatment Virus Haemagglutination. 
Passages virus. 


Fowl 165. 169. 171. 


No. Unt. Eth. Eth. 


Figures give the Optimal concentrations,” for explanation which term see text. 
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The downward shift the titration curves produced ether treatment 
indicated the appreciably higher optimal concentrations for the ether-treated 
samples each virus batch compared with those for the corresponding un- 
treated samples. This happened with the cells every fowl tested. The 
different cell suspensions however showed interesting differences behaviour. 
well known that the cells different fowls may vary the readiness with 


=} 


Virus dilution expressed log (base=2) 


titration curves. 


Untreated virus. 
Heated virus. 
Ether-treated virus, 


which they are agglutinated influenza viruses but those used for the experi- 
ment behaved with surprising uniformity against the four untreated viruses. 
contrast the optimal concentrations against each ether-treated virus varied 
considerably and the relatively high low susceptibility each individual 
fowl’s erythrocytes was maintained consistently tests the four different 
virus preparations. The relative susceptibilities two cell suspensions against 
untreated and ether-treated virus may actually vary opposite directions 
that the suspension giving the lower optimal concentration with untreated virus 
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after its ether extraction. 


Three breeds fowls were represented among the blood donors, White Leg- 


horn, Leghorn and Light Sussex, but far could ascertained breed 
was not factor this variability red cell susceptibility. 


Consistent behaviour cells individual fowls. 


order study the behaviour cells obtained from individual fowls over 
period time virus preparation was required which could depended 
maintain haemagglutinin activity throughout the period. virus 
eluate was distributed ml. quantities ampoules, some which were freeze- 
dried, some kept and some stored 20° after being rapidly frozen 
76°. The freeze-dried virus lost considerable haemagglutinin activity 
days and much more days, and the rapidly frozen virus kept 20° lost 
over half its activity days. The virus showed appreciable dimi- 
nution potency days and ether treatment still gave typical lowered 
titration curve. This batch was therefore used for the series tests. ap- 
proximately weekly intervals samples were withdrawn order titrate the 
virus, both untreated and ether-treated, against the freshly bled red cells three 
individual fowls. 

The results are summarized Table II. each weekly test the three 
optimal concentrations for the untreated virus were almost identical. itself 
this would apparently indicate that the cells the three fowls were indistinguish- 
able haemagglutinin susceptibility. The parallel readings for the ether- 
treated samples however showed that this was not so. Not only did the cells 
differ widely sensitivity each test but the order sensitivity was maintained 
throughout the series five tests. Thus while all three cell suspensions regularly 
showed lowering the titration curve against ether-treated virus compared 
with the curve against untreated virus, the cells two fowls consistently gave 
very high, and those the third fowl consistently gave relatively low, optimal 
concentrations. Such differences are shown various bleedings from the 
same fowl are not statistically significant. thus evident that red cell sensi- 
tivity ether-treated virus depends some stable characteristic the indi- 
vidual fowl donor. The uniform response the virus eluate ether treatment 
five separate occasions noteworthy and supports our contention that vari- 
ability the effect ether treatment different virus batches depends some 
unknown variable the virus itself. 


Ether-treated Virus. 


Date test. 
1500 0-09 0-085 0-09 0-08 0-065 

0-09 0-085 0-08 0-075 

Ether- 1500 0-255 0-24 0-205 
1533 0-190 0-195 0-175 0-180 
1536 0°25 0-24 0-255 


Figures optimal concentrations. 


proves much less readily agglutinable than the other the same virus 
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The significance lowering the virus titration curve. 

generally assumed that any reduction haemagglutination titre resulting 
from some treatment the virus signifies that destruction some the haem- 
agglutinin has occurred. This not necessarily so. Any alteration position 
the titration curve relation either its co-ordinates must affect the 
titre. titre reduction due reduction the amount haemagglutinin 
the virus preparation, either simple dilution partial haemagglutinin 
destruction, the shift the curve will the left. This implies that titre 
reduction associated with downward displacement the titration curve must 
depend upon some kind haemagglutinin change distinct from quantitative 
reduction. appears therefore that one effect ether treatment may 
qualitative change the virus receptors. Actual haemagglutinin destruction 
may also occur variable extent that reduction titre following ether 
treatment may represent either quantitative qualitative change sum- 
mation both. 

The validity comparisons based haemagglutination titrations rests 
rigorous standardization the method used that experimental errors can 
kept within small and defined limits. essential that the time allowed for 
cell sedimentation each tube before taking the densitometer reading should 
kept constant. our method the time chosen minutes. Within any 
arbitrarily selected time any factor which slows the haemagglutination reaction 
will produce downward displacement the titration curve. seemed likely 
that the qualitative change virus produced ether treatment might such 
cause increase haemagglutination reaction time. The temporal evolution 
titration curves was therefore studied. 

series replicate titrations was carried out virus untreated and ether- 
treated. Dilutions were prepared bulk and distributed give several identical 
replicate dilution series. Each replicate was read after the lapse different 
time interval for cell sedimentation, ranging from 105 min. The series 
titration curves thus obtained illustrated Fig. 

min. curves for untreated and ether-treated virus are almost identical 
and are flat because appreciable cell sedimentation has yet occurred. 
min. they are parallel but widely separated. Subsequently both rise steadily 
that both the untreated and ether-treated viruses give series ascending 
roughly parallel curves but any give time the ether-treated virus curve 
considerably lower than the corresponding untreated virus curve. clear 
therefore that the effect ether treatment virus its haemagglutinating 
activity operative the early stages the reaction and that later stages 
the reaction proceeds the experiment illustrated the retardation 
time was approximately min. that ether curves for and 105 min. are 
superimposed over the curves for and min. respectively. 
second experiment using the cells different fowl the retardation time was 
about min. and similar experiments with virus (Lee) showed that its haemag- 
glutinating activity was affected ether treatment the same way though 
usually with shorter retardation time. 

Given sufficient time all the cells suspension settle out leaving clear 
supernatant fluid. The acceleration sedimentation caused virus due 
the formation cell aggregates density greater than that discrete cells 
that the major factors which determine the time relations the reaction are 
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speed aggregate formation and mean aggregate size. seemed probable 
that both factors would affected the presence virus-insensitive cells 
cell suspension and that the ether retardation phenomenon might due 
variability sensitivity ether-treated virus among fowl red cells. Experi- 
ments showed however that this not the true explanation. The rates develop- 
ment titration curves were studied using untreated virus against several 


160 320 640 1280 
Reciprocal virus dilutions 
Fic. 2.—The temporal evolution haemagglutinin titration curves with untreated 
and ether-treated virus. 


45 ” ” 
Xx xX 75 ” ” 
105 


Unbroken lines untreated virus. 
Broken ether-treated virus. 


cell suspensions containing various proportions sensitive and unsensitive cells, 
the latter being obtained means purified cholerae receptor-destroying- 
enzyme prepared the method Burnet and Stone (1947). was found that 
such systems acceleration sedimentation begins just quickly with 
normal cell suspensions due the aggregation the virus-sensitive cells which 
settle out leave slowly falling column insensitive cells suspension. This 
results deceleration the reaction fairly early stage, phenomenon 
never observed ether-treated virus haemagglutination. ether-treated 
virus system acceleration sedimentation delayed but once having begun the 


— 
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reaction proceeds throughout the normal rate, indicating that the cell aggre- 
gates form more slowly than untreated virus system but that when formed 
they are normal size. Possible reasons for this slower reactivity are discussed 


below. 


The Effect Ether Treatment the Virus Complement Fixation 
Antigen. 


While this work was progress Hoyle (1950) reported that the complement- 
fixing potency influenza virus was reduced ether treatment. Our findings 
confirm this but their chief interest that they show dissociation the effects 
ether treatment the virus complement-fixing potency and the haemagglutin- 
ation activity manner directly contrary that induced heat inactivation. 
should emphasized that the complement-fixing antigens concerned are 
the strain-specific surface antigens the virus elementary bodies, not the soluble 
antigens which are common all strains within each the major types and 
The virus preparations used were purified eluates prepared from infected 
allantoic fluids such preparations are free from demonstrable soluble antigen. 

Saline eluates PR8 virus were extracted with ether the method described 
above. The ether phase was evaporated under reduced pressure until 
the small fluid residue was devoid any smell ether this residue was then 
made the original volume with physiological saline. Some precipitate 
always formed the aqueous phase this was removed centrifugation and 


re-suspended the original volume saline. The clear supernatant fluid from 


the aqueous phase was considered contain the degraded virus particles. The 
three fractions and sample the untreated virus eluate were tested for comple- 
ment-fixing potency and were also titrated parallel for haemagglutinin. The 
results four experiments are summarized Table 


Ether treatment Potency and Haemagglutinin Activity. 


Complement fixing potency.* Haemagglutinin titres. 


After ether extr. After ether extr. 
Time 
Before Aque- Fowl Before Aque- 

Virus ether ether Ether cells ether Ether 
preparation. layer. layer. Ppt. used. extr. layer. layer. Ppt. 


The units potency are arbitrary and are expressed logarithmic scale. 
activity. 
test. 


view the effects ether treatment the haemagglutination reaction 
obvious that direct quantitative comparisons between residual haemagglu- 
tinin and residual complement-fixing antigen are not vatid. Nevertheless, even 
when haemagglutinin titrations were done with cells least sensitive ether- 
treated virus the reduction complement-fixing potency was never less than the 
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reduction haemagglutinin activity and was usually very much greater. Some- 
times indeed preparations were obtained which were entirely devoid 
ment-fixing activity while retaining appreciable haemagglutinin activity. The 
reverse effect never occurred. Yet this precisely the effect which was always 
obtained sufficient heat treatment the virus. eluates were heated 
60° until all detectable haemagglutinin had been destroyed (titre 2); they 
were then found have retained about quarter their initial complement- 
fixing potencies. Eluates were heated 56° for short periods leave 
considerable residual haemagglutinin activity. and heated samples 
were then diluted contain the same haemagglutinin concentration, namely 
AD/ml., and compared directly complement fixation tests. Two such 
experiments are summarized Table both, the heat degradation caused 
apparent increase complement-fixing potency. Such apparent increase 
would course result from more rapid destruction haemagglutinin than 
complement-fixing antigen and this explanation was further supported experi- 
ments which virus was heated for various periods different temperatures 
and complement fixation tests done parallel all the preparations after adjust- 
ing them equivalent haemagglutinin content. The ratio complement 
fixation units showed steady increase with increasing heat treatment. 


Resistance C.F. Antigen Heat Inactivation. 


Haemagglutination Complement fixing 
titres. potency.* 


After Before 


Virus Before After 


preparation. heating. heating. heating. heating. 


After adjustment antigen AD/ml. using heated titro. 


The Effect Ether Treatment the Receptor-Destroying Enzyme 
the Virus. 


Previous work had shown that ether-treated virus was more sensitive 
normal serum inhibitor than untreated virus, although retained considerable 
enzymic activity. This was advanced conclusive evidence that the indicator 
could not dependent destruction virus enzyme, was then 
generally believed (Smith al., 1951). Table summarizes experiments 


V.—Conversion Virus Indicator State Ether-treatment. 


Inhibitory titres normal rabbit sera 
against viruses 


No. strain Untreated. Heated. Ether-treated. 
PR8 <40 500 116 
<40 344 265 
<40 160 320 
<40 <40 160 
<40 <40 320 


PR8/X mutant PR8 (Smith al., the ether-treated preparations 
were shown enzymically active. 
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which ether-treated, heat-treated and untreated viruses were tested against 
normal rabbit serum. Without exception the ether treatment converted virus 
the indicator state and several instances produced much more effective 
indicator virus than did heat treatment. 

The function the virus enzyme the processes infection has been the 
subject much speculation but That must play important 
role suggested the fact that its destruction invariably associated with loss 
infectivity. Further study its dissociation from haemagglutinin activity 
result ether treatment was clearly indicated. 

Quantitative assessments the enzymic activity virus preparations were 
made measuring the proportion virus which eluted after its adsorption 
red cells. Packed washed fowl cells were added equal volumes virus, un- 
treated and ether-treated, give final cell concentrations approximately 
cent. Adsorption was allowed proceed for min. 4°; then the cells 
were centrifuged out and re-suspended saline the original volume. The 
suspensions were incubated 37° for hr. after which the cells were removed 
centrifugation. The supernatants were titrated parallel for haemagglu- 
tinating activity. 

The results several such experiments both and Lee viruses are 
presented Table VI. They show that neither short (10 min.) nor prolonged 
(overnight) ether treatment markedly impaired the eluting powers virus. 
This was marked contrast the behaviour Lee virus, for which even 
min. contact with ether caused least per cent reduction eluting 
and usually complete loss. 


VI.—Retention Enzyme Ether-treated Virus. 


Haemagglutination 
titres (ether- 
treated). 


Period Before Percentage 
Virus Passage ether absorp- After yield 
strain. No. contact. elution. elution. 


PR8 mutant min. 996 


Type 
Lee ” 


<20 


This method estimating enzymic activity has serious limitation. 
depends the retention haemagglutinin activity the eluted virus particles. 
Any virus which had suffered loss its haemagglutinin receptors during the 
process elution would undetectable. dissociation haemagglu- 
tinin and enzyme susceptibility ether would tend obscured. 

alternative the direct method Lanni, Lanni and Beard (1951) for 
measuring enzymic activity was used. Virus preparations were mixed with egg 


d 


white and held room temperature allow progressive destruction the egg 
white inhibitor. Aliquots were removed various intervals and boiled for two 
min. inactivate the virus. Finally all samples were titrated parallel for 
residual inhibitor using heated virus the indicator virus. was found 
that within certain range virus dosage there was linear relationship between 
inhibitor destruction and time that direct measurement reaction velocity 
was possible. this means could shown that ether-treated PR8 virus 
retained far more enzymic activity than could accounted for the residual 
haemagglutinin content. Clearly the virus haemagglutinin had been reduced 
preferentially relation the virus enzyme. was shown that 
the eluted ether-treated virus was completely non-infective unknown in- 
fectivity factor must thus more susceptible destruction ether than are 
haemagglutinin, complement-fixing antigen and virus receptor-destroying enzyme. 


DISCUSSION. 


Three important biological activities the influenza viruses, specific comple- 
ment fixation, haemagglutination and enzymic destruction host cell receptors, 
are dependent the integrity surface components, but still unknown 
how far these components are independent linked together composite struc- 
tures. has been suggested that the enzyme may essential part the 
virus haemagglutinin receptors which thus serve the purpose cell-virus 
linkage and subsequent cell receptor destruction facilitate cell penetration. 
Certainly separation enzyme from the virus particle has not yet been accom- 
plished. Our results, however, prove that haemagglutinin inactivation not 
necessarily associated with loss enzyme. Whereas virus treatment heat 
ultra-violet light invariably produces the inactivation sequence enzyme- 
haemagglutinin-C.F. antigen, exactly the reverse order inactivation results 
from ether treatment. This suggests that the three types biological activity 
may functions specific and distinct structures the virus surface. Our 
results could equally well due the preferential destruction distortion 
subsidiary parts single complex surface entity the different inactivating 
agents employed. increased susceptibility heated virus non-specific 
inhibitors function surface distortion claimed Smith and Westwood 
(1950) follows that ether treatment must also induce such distortion because 
one its effects conversion the virus the indicator state. Sterically 
different surface distortions induced different inactivating agents would 
adequately account for the observed phenomena. 

satisfactory interpretation the qualitative change haemagglutination 
behaviour induced ether treatment demands fuller elucidation the mech- 
anism the optimal-reading phenomenon. This phenomenon not merely 
example the immunological optimal proportions reaction dependent upon equi- 
valence antigen and antibody, for haemagglutination always appears first 
the tube containing the highest concentration virus. The rate sedimentation 
this tube, however, outstripped that occurring the optimal tube. 
Neither can the inhibition zone due rapid enzyme action red cell receptors 
when virus present excess, because such zones also occur titrations carried 
out yet have satisfactory explanation offer. 

The evidence suggests that one effect ether treatment virus slow 
the speed virus-red cell union. The most obvious way which this could 
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achieved mixture fixed proportions virus and cells would total 
inactivation proportion the virus particles. That this not the true 
explanation the ether effect clear from the absence any shift the left 
the full haemagglutinin titration curve many our experiments. The 
speed union and resulting aggregate formation however might equally 
affected the partial destruction the receptors each individual virus 
particle. every particle would still capable linkage red cells but 
enough linkages for aggregate formation would take considerably longer than 
with normal virus. possible that this intermediate stage always occurs 
the inactivation individual virus particles but that with heat treatment in- 
variably, and with ether treatment sometimes, the phase partial degradation 
overshadowed the rapidity with which passes the phase complete 
inactivation. alternative explanation the hypothesis steric hindrance 
from surface distortion (Smith and Westwood, 1950). Extraction ether- 
soluble lipids from the virus cannot fail produce surface distortion and this 
may type sterically different from that induced heat. Quite small 
differences may well determine whether the receptors are unable unite with the 
red cell receptor are still able though with difficulty. The highly 
variable effects ether treatment would not difficult understand this 
basis for the precise pattern the induced distortion would depend the ori- 
ginal surface pattern the treated virus. Our scanty knowledge the pheno- 
mena associated with virus replication makes extremely improbable that the 
surface pattern remains completely static throughout the reproduction cycle so: 
that matter how rigorously cultural conditions are standardized different 
batches one and the same virus strain are unlikely absolutely identical. 
The complement fixation reaction, the other hand, not dependent the 
pattern the antigen relation other surface components and uniformly 
affected ether treatment. 

The anomalous haemagglutination behaviour ether-treated virus some 
practical significance. With any method haemagglutinin titration which 
readings are taken before completion cell sedimentation, the titre must 
affected the velocity the reaction. The fact that reaction velocity may 
affected qualitative changes virus, independent any quantitative 
reduction its haemagglutinin, introduces source possible error into esti- 
mations the photo-electric densitometer method. The precision this 
method may therefore sometimes have sacrificed favour cruder methods 
which titres are unaffected reaction velocity. 


SUMMARY. 


The effects ether treatment influenza virus were variable spite 
rigorous standardization experimental conditions. This probably due 
slight variation different batches single virus strain. 

The inactivation sequence with ether treatment is, complement fixation- 
haemagglutination-enzyme activity, which the reverse the sequence induced 
heat ultra-violet light inactivation. 

Ether treatment causes qualitative change virus haemagglutination 
behaviour irrespective any quantitative reduction haemagglutinin. Speed 
cell aggregate formation and hence sedimentation reduced. This affects 
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the position the titration curve relation its co-ordinates manner 
different from that produced quantitative reduction and hence also affects 
the apparent the virus. 

Some the implications the effects ether treatment virus are discussed. 


One (H. C.) worked with Medical Research Council Research Student- 
ship. Expenses the work were defrayed from Medical Research Council 
grant. 
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SEROLOGICAL PROCEDURE ‘THEORETICALLY CAPABLE 
DETECTING INCOMPLETE NON-PRECIPITATING ANTI- 
BODIES SOLUBLE PROTEIN ANTIGENS. 
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earlier paper (Coombs, Howard and Wild, 1952) procedure was des- 
cribed for measuring antibodies soluble protein antigens agglutination 
reaction. The method entailed the previous conjugation the protein antigen 
with the human incomplete antibody means tetrazotised benzidine. 
The anti-protein serum was then tested for its ability agglutinate red cells 
sensitized with the conjugated incomplete antibody. 

This work was preliminary stage the development vitro serological 
-test capable detecting incomplete non-precipitating antibodies soluble 
protein antigens. should possible detect such antibodies human 
serum rabbit incomplete cell antibody were available with which 
protein antigen could conjugated. Linked such antibody the pro- 
tein could fixed the surface red cells which would nevertheless remain 
‘stable suspension. This cell system could then used absorb human 
antibody the conjugated protein. The absorption could 
detected finally agglutination reaction using rabbit anti-human globulin 
serum. This procedure illustrated diagrammatically Fig. 

There are three distinct stages this procedure first, the preparation 
the protein antigen-red cell unit second, exposure the antigen cell unit the 
human serum under investigation and lastly the addition rabbit anti-human 
globulin serum detector system for the presence absorbed human incomplete 
antibody. 

present have suitable rabbit anti-red cell incomplete antibody, but 

stable antigen-red cell unit may achieved using ordinary potentially agglu- 

tinating rabbit anti-red cell antibody advantage taken property the 

red cells certain oxen. These cells have the property remaining unagglu- 

tinated despite being sensitized with antibody. The serological behaviour these 

called bovine red cells has been described Coombs, Gleeson- 

White and Hall (1951), who showed that the sensitized cells could made 

-agglutinate building out chain anti-globulin and globulin molecules from 
the globulin the antibody sensitizing the cells. 

For purpose illustration these cells may thought having hypothetical 
prongs protruding from the cell surface which prevent the cells coming suffi- 
ciently close together allow the antibodies adsorbed primarily their surfaces 
link across from cell cell. 
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Because this property such cells may used obtain stable protein 
antigen-red cell unit (Fig. 2). With this unit possible detect complete 
incomplete antibodies the particular protein antigen. The scheme shown 

Fig. outlines the stages involved the demonstration anti-protein antibodies 
human serum. may seen that the procedure somewhat longer than 
that represented Fig. Demonstration the adsorption human anti- 
body not possible single application rabbit anti-human globulin serum. 


REO CELL SENSITISED 

WITH RABBIT ANTI-RED CELL 
CELL INCOMPLETE UNIT 
ANTIBODY 


SYSTEM 
RABBIT ANTIBODY 
HUMAN GLOBULIN 


HUMAN INCOMPLETE ANTIBODY 
EGG ALBUMIN. 


1.—Method envisaged for the serological detection human incomplete antibodies 
soluble protein antigen such egg albumin (for key see 531). 


necessary with this system build longer anti-globulin-globulin chain 
before the further addition anti-globulin serum able effect agglutination. 

this method possible measure, using serial titration, anti-protein 
antibodies the sera different animal species. The demonstration not depen- 
dent any secondary agglutinating property the antibody nor any com- 
plement-fixing property but simply the fact that the antibody globulin 
and combines with the antigen. For this reason the method should able 
demonstrate so-called incomplete non-precipitating well ordinary complete 
antibodies. The method despite its many stages specific and sensitive and 
has been used, described this paper, demonstrate antibodies egg 
albumin the sera the guinea-pig, dog and man, and antibodies the 
protein horse dandruff the sera guinea-pigs and man. 


(STABLE CELL SUSPENSION) 


DETECTION INCOMPLETE ANTIBODIES 


MATERIALS AND METHODS. 


Materials for the preparation the Protein Antigen-Red Cell Unit. 


Egg albumin.—This was prepared our previous paper (Coombs al., 1952). 

Horse dandruff protein.—This was prepared according the method described Squire 
(1950). was kept freeze-dried till used. 

Rabbit anti-bovine red cell serum.—This was pool from five rabbits bled days after 
single course inoculations washed bovine cells. The course consisted five intra- 
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BOVINE RED CELL EGG ALBUMIN 

SENSITISED WITH ANTIGEN RED CELL 
RABBIT ANTI-BOVINE UNIT 

RED CELL ANTIBODY 


SYSTEM 
RABBIT ANTI - HUMAN GLOBULIN 
HUMAN GLOBULIN CHAIN 


2.—Method described this paper for the serological detection human incomplete 
antibodies soluble protein antigen such egg albumin (for key see 531). 


peritoneal injections ml. per cent washed cell suspension. important 
use serum after single course injections the serum after subsequent courses was found 
agglutinate moderate degree even the inagglutinable class bovine red cells. 

Bovine red red cells any class may used for the inoculation the 
rabbits, but for the vitro testing only cells the class may used 
(see Coombs al., 1951). 


Rrocedure for Conjugating both Egg Albumin and Horse Dandruff Protein with the 
Protein Molecules the Rabbit Anti-bovine Red Cell Serum. 


The conjugation was achieved the same way our previous paper (Coombs al., 
1952) using tetrazotized benzidine. solution the benzidine tetrazonium chloride was 
added, the calculated basis mol. per mol. protein, mixtures ml. serum with 
ml. per cent egg albumin solution and ml. serum with ml. per cent solution 
horse dandruff protein. The solutions were then treated described the previous paper. 
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Materials used the Detector Systems. 


Rabbit anti-globulin sera.—Rabbit anti-human globulin, anti-guinea pig globulin and anti- 
dog globulin sera were prepared inoculating rabbits with either whole alum-precipitated 
serum. The anti-sera after heat inactivation were absorbed free antibodies for bovine 
red cells. 

Normal serum globulin man, the guinea-pig and the sera were used the 
source globulin from the different animal species. Each serum was heat-inactivated and 
absorbed free antibodies bovine red cells. 


Sera Examined for Antibodies Egg Albumin Horse Dandruff Protein. 


Guinea-pig anti-egg albumin serum.—This was pool 2nd course sera. Each course 
consisted injections 1-5 ml. 1-25 per cent solution egg albumin given intraperi- 
toneally 3-day intervals. The serum was obtained days after the last injection 
cardiac puncture. 

Dog anti-egg albumin sera.—Three sera were examined. These were kindly given 
Professor Marrack who received them originally 1950 from Dr. Grabar the 
Institut Pasteur, Paris. hear from Dr. Grabar that the dogs received intravenous 
injections each 0-5 ml. alum-precipitated 0-2 per cent solution egg albumin given 
over period week, followed injections 1-5 ml. for the second week and 
injections ml. during the third week. The dogs were bled the 7th day after the 
injection. 

Human anti-egg albumin serum.—This serum again was given Professor 
Marrack whom was sent Dr. Frankland St. Mary’s Hospital, London. From 
Dr. Frankland understand that the serum was obtained 1950 from patient who 
gave history urticaria beginning 1949. Skin tests against the common allergens 
which included animal scurfs, moulds and pollens were all negative, too were the following 
foods—shrimp, fish, onions, mutton, tomatoes and cheese, but gave very large 
immediate positive response egg albumin. 

Guinea-pig anti-horse dandruff sera were tested. The blood was taken 
after two courses intraperitoneal injections. each course consisting four injections 
0-5, 1-5, and 1-5 ml. 0-65 per cent solution horse dandruff protein. 

Human sera from persons shown sensitive horse dandruff protein.—These sera were 
sent Dr. Britton. The sera were from patients giving positive skin test 
horse dandruff protein. 


Man. patient with asthma who had received desensitizing 
injections. 
Ste. (15.vii.52) patient with asthma and vasomotor rhinitis. had 
received injections horse dandruff protein since 1945. 
Sug. (20.vi.52)—a patient with asthma and vasomotor rhinitis. had never 
received injections horse dandruff protein. 
Puck.—a patient with asthma sensitive horse, cat and dog dandruff and dust. 
had received very weak course injections 1951. First blood sample taken 
was then given course desensitizing injections and bled again 
3.vii.52. 
Fli.—a patient with asthma and vasomotor rhinitis, sensitive pollen, dust and 
cat and horse dandruff. had received desensitizing injections before 5.iii.52. 
The blood sample was taken after course injections. further 
injections were given but another blood sample was taken 27.x.52. 
The other sera tested were from persons who were not suspected being sensitive 
horse dandruff. 
Unless otherwise stated all the above sera and the normal control sera were heat-inactiva- 
ted and absorbed free antibodies bovine red cells before being used any the tests. 


Examination Sera for Complete Incomplete Antibodies 
Soluble Protein Antigens. 


Theoretically the method may used for any protein antigen, but the following 
description egg albumin has been taken example. The method may also adapted 
the examination sera from various animal species. 
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Examination guinea-pig serum for complete incomplete antibodies egg albumin. 


Stage Preparation the egg albumin antigen-bovine cell unit.—A per cent suspension 
washed inagglutinable bovine red cells ml.) mixed with optimal dilution (usually 
about 1/20) the rabbit anti-bovine red cell serum conjugated with egg albumin. The 
mixture incubated 37° for min. whereupon the tube centrifuged and the deposited 
cells washed twice saline and finally re-suspended ml. undiluted heat-inactivated normal 
rabbit serum, previously absorbed free antibodies bovine red cells. The significance 
this serum will discussed later. These cells suspension constitute the egg albumin 
antigen-bovine cell unit. 

Stage Exposure the egg albumin antigen bovine cell unit the serum under investi- 
above suspension 0-1 ml. amounts added 0-1 ml. amounts increasing 
dilutions the heat-inactivated guinea-pig serum being examined for antibodies egg 
albumin. After min. 37° each tube centrifuged and the cells washed twice saline 
and finally re-suspended 0-1 ml. saline. 

order see any guinea-pig antibody globulin has been adsorbed the egg albu- 
min antigen-bovine cell unit the cells are subjected the further procedures which comprise 
the detector system—for even the anti-egg albumin antibodies are potentially capable 
producing precipitation agglutination none observed this stage the test owing 
the nature the red cells. 

Stage Detector system for adsorption guinea-pig antibodies egg albumin.—To the 
individual 0-1 ml. washed cell suspensions added 0-1 ml. dilution (usually 1/20) rabbit 
anti-guinea-pig globulin serum. excess antibodies guinea-pig globulin should 
added this stage. After min. 37° the cells are once again washed twice saline 
and re-suspended 0-1 ml. saline. 

Normal inactivated guinea-pig serum, 0-1 ml. 1/20 dilution, then added each 
tube order saturate the free combining groups the adsorbed anti-globulin molecules. 
After min. 37° the cells are washed twice saline and again re-suspended 0-1 ml. 
saline. One drop from each tube finally added small precipitin tubes containing one 
drop optimal dilution (usually 1/40) rabbit anti-guinea-pig globulin serum. The 
mixtures are incubated 37° until the cells have sedimented when each tube examined 
for agglutination both macroscopically and microscopically. guinea-pig antibodies 


egg albumin have been adsorbed the egg albumin antigen-bovine cell unit the building 
the chain guinea-pig globulin rabbit anti-guinea-pig globulin able link the cells 
together producing agglutination, despite the presence the hypothetical pro- 
truding from the surface the red cells. 


Examination sera for anti-protein antibodies using tanned red cells coated with the protein 
antigen. 


The procedure adopted was that described Boyden egg albumin and horse 
dandruff protein were used per cent solutions the tanned human red cells. 


EXPERIMENTS AND RESULTS. 


Stable Egg Albumin Antigen Red Cell Unit Capable Detecting 
Antibodies Egg Albumin Guinea-pig Serum. 


The object this experiment was see how dilute the rabbit anti-bovine 
red cell serum conjugated with egg albumin could used the preparation 
the egg albumin antigen-bovine cell unit. 

per cent suspension bovine red cells 0-1 ml. amounts was added 
equal vol. series progressive dilutions the rabbit anti-bovine cell serum 
conjugated with egg albumin. After min. incubation 37° the cells each 
tube were washed and exposed 1/20 dilution guinea-pig anti-egg albumin 
serum. Stage and were then continued described under METHODS.’ 

Agglutination was observed with the cells exposed originally the rabbit 
anti-bovine red cell serum conjugated with egg albumin dilutions from 1/5 
comparable test using the rabbit anti-bovine cell serum which had 
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not previously been conjugated with egg albumin agglutination was observed. 
Likewise another comparable test which the cell suspension treated with the 
varying doses rabbit anti-bovine cell serum conjugated with egg albumin were 
subsequently exposed 1/20 dilution normal guinea-pig serum instead 
guinea-pig anti-egg albumin serum agglutination was observed. 

should mentioned that the inagglutinable bovine red cells when sen- 
sitized with dilutions first course rabbit anti-Lovine cell serum about 
stronger tend agglutinate when firmly deposited high speed centrifugation 
although settling their own sedimentation they remain unagglutinated. The 
suggestion seems that the hypothetical which keep the cells 
apart under normal conditions may be, were, bent back the force power- 
ful centrifugation thus allowing the antibodies link across from cell cell 
(see Fig. 3). the present tests the cells are read for agglutination after gently 
sedimenting their own accord. 


Demonstration Antibodies Egg Albumin Human Serum and the 
Sera Guinea-pigs and Dogs using Egg Albumin Antigen-Bovine 
Red Cell Unit. 


The egg albumin antigen-bovine cell unit was prepared described 
and was the same whether the serum examined for antibodies egg albumin 
was from the guinea-pig, dog man. The conjugated rabbit anti-bovine cell 
serum was used dilution 1/20. 

Each anti-egg albumin serum together with the normal serum controls was 
examined Stage The appropriate rabbit anti-globulin sera and normal 
sera containing globulin were used the detector systems. 

The titre antibody demonstrated the sera this method together with 
the titre found using the tanned cell method Boyden shown Table 
Normal guinea-pig, dog and human sera gave demonstrable reaction 
dilution 1/2 greater. The finding that the method detected antibodies 

practically the same titre that obtained the tanned cell method suggests 
that the method besides being theoretically capable detecting incomplete anti- 
protein antibodies when they occur, also very sensitive. 


Demonstration Antibodies Horse Dandruff Protein the Sera 
Guinea-pigs and Man using Horse Dandruff 
Red Cell Unit. 


preliminary test was found that the rabbit anti-bovine cell serum con- 
jugated with horse dandruff protein could diluted 1/320 and still produce 
antigen-cell unit for this system. Using 1/20 dilution the conjugated anti- 
bovine cell serum form the antigen cell unit, antibodies horse dandruff 
protein two guinea-pig antisera could demonstrated titre ormal 
guinea-pig sera gave reaction dilution 1/2. 

Using this system adapted for the detection human antibodies, the human 
sera recorded Table were examined for antibodies reactive against horse 
dandruff protein with the results shown.. Previous testing the sera were heat- 
inactivated for min. 56° and should borne mind that such procedure 
might destroy certain types antibodies. However not intended this 
paper comment any way these results they are recorded merely 
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GENTLE SEDIMENTATION 


HYPOTHETICAL ‘PRONGS BENT 
BACK WHEN SENSITISED CELLS 
ARE PACKED 
THUS ALLOWING THE CELLS 

AGGLUTINATE WEAKLY 


Fic. 3.—Hypothetical explanation why bovine red cells strongly sensi- 
tized with antibody agglutinate weakly when the cells are deposited powerful centrifuga- 
tion although they fail agglutinate gentle sedimentation. 


ANTIGEN RED CELL SURFACE 


RABBIT ANTI-RED INCOMPLETE ANTIBODY 


RABBIT ANTI-RED CELL AGGLUTINATING ANTIBODY 


MOLECULE EGG 


EGG ALBUMIN CONJUGATED RABBIT ANTI-RED CELL 
ANTIBODY TETRAZOTISED BENZIDINE 


HUMAN ANTI-EGG ALBUMIN INCOMPLETE 
MOLECULE NORMAL HUMAN GLOBULIN 


aad 
HYPOTHETICAL FROM THE 
BOVINE RED CELL. 


Key Figures. 
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illustration the possible applications the method. Examination the sera 
the tanned cell method Boyden failed demonstrate antibodies other than 
those the sera the guinea-pigs inoculated with horse dandruff protein. 


Antibodies Egg Albumin Various Sera 
Demonstrated the New Method. 


Antibody titre found by— 


Method Tanned cell 
described method 

Antisera. this paper. Boyden. 

Guinea-pig anti-egg albumin (pool >2560 


<2. 


Two Methods for Detecting Antibody 
Horse Dandruff Supposedly Negative and Positive Sera. 


Antibody titre 
horse dandruff 
found by— 


Method Tanned 
described 
method 
History (sensitivity horse dandruff). paper. Boyden. 
reason suspect sensitivity 


Sug 20/6/52 Positive skin test 
Man 22/2/52 Ditto 
Ste 15/7/52 
Puck 1/4/52 
3/7/52 Positive skin test (after desensitizing injections) 
Fli 5/3/52 Positive skin test 
3/7/52 Positive skin test (after desensitizing injections) 
27/10/52 Ditto 


Normal guinea-pig 
guinea-pig 2nd course anti-horse dandruff protein 
and 2267 
(W) Partial agglutination with the undiluted serum. 
very weak agglutination was observed single tube containing the serum diluted 1/16. 
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DISCUSSION. 


Despite the rather involved nature this test, should theoretically allow the 
vitro demonstration incomplete antibodies soluble protein antigens. 
hoped that eventually the method may simplified the extent shown 
Fig. 


Ditto 
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More efficient means conjugating proteins with antibody globulin are being 
sought. With the object reducing the amount protein antigen required 
two stage method for conjugation being attempted. instance, chemical 
were such that after being coupled protein would combine with chemical 
coupled another protein but would not react with uncombined protein, then 
the following procedure could envisaged. Red cells could sensitized with 
rabbit incomplete antibody coupled with chemical The sensi- 
tized cells after being washed could exposed solution the protein 
antigen previously coupled with chemical such procedure none the 
protein coupled with chemical would wasted being conjugated serum 
proteins other than the anti-red cell antibody, wastefulness which course 
occurs with the present one stage method for conjugation using tetrazotized benzi- 
dine. Nevertheless the present system has worked well owing probably the 
large number sites the bovine cells with which the anti-red cell antibodies 
combine. The conjugation with tretazotized benzidine probably not efficient 
but ample protein molecules appear adsorbed the cell surface produce 
ultimately strong agglutination. 

The possibility has borne mind that globulin other than 
globulin may adsorbed from the heated serum under investigation onto the pro- 
tein antigen-red cell unit suspended saline. This appeared the case, 
especially with guinea-pig serum when was tested undiluted and dilutions 
The factor adsorbed from such normal serum could well the nature 
the so-called agglutination enhancing factors (Dean, 1911; Pike, Sulkin and 
Coggeshall, 1951). This complication however was practically eliminated when 
the protein antigen-red cell unit was suspended undiluted heat-inactivated 
rabbit serum instead saline. Presumably the affinity the cell suspensions 
for substances such agglutination-enhancing factors was satisfied the rabbit 
serum proteins thus blocking any further absorption such factor from the 
guinea-pig other serum under investigation. 

There special consideration which has borne mind desired 
examine unheated serum for the presence antibodies. The protein- 
antigen-red cell unit would lysed the presence haemolytic complement, 
and the possibility exists that certain the antibodies concerned allergic mani- 
festations may heat-labile. The sera from persons sensitive horse dandruff 
shown Table were examined unheated after the complement had been 
removed absorption with bovine red cell ghosts sensitized with rabbit antibody. 
The demonstrable antibody titre however was the same that found with the 
heated sera, but again the possibility remains that certain antibodies horse 
dandruff, perhaps the skin-sensitizing type, might have been absorbed non- 
specifically the sensitized red cell ghosts. Other methods removing comple- 
ment from serum will have investigated for now our intention use 
this new procedure, modification it, study the antibodies concerned 
different allergic states. 


SUMMARY. 


serological procedure described which theoretically should 
detecting incomplete antibodies soluble protein antigens. 

brief the method involves attaching the protein antigen the surface 
red cells. This achieved coupling chemical means the protein red cell 
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antibodies which combination with the red cells carry the coupled protein 
antigen the red cell surface whilst leaving the cells stable suspension. 
Adsorption antibodies the coupled protein antigen then detected 
means anti-globulin serum. 

The method has been used experimentally detect antibodies egg albumin 
and horse dandruff protein guinea-pig, dog and human sera. 


The authors wish express their thanks Dr. Britton, Professor 
Grabar, Professor Marrack and Dr. Frankland for specimens serum 
and Miss Disbrey for preparing the figures. 

They also wish express their sincere appreciation both the Agricultural 
Research Council and the Nuffield Foundation for grant aid this work. 
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THE EFFECTS CORTISONE AND ADRENOCORTICOTROPHIC 
HORMONE DISPERSION BRUISES THE SKIN. 


From the Rheumatism Research Unit the Department Medicine and from the 
Department Pathology, St. Mary’s Hospital Medical School, London. 


Received for publication April 29, 1953. 


(1932) described haemorrhages the skin feature the syn- 
drome which bears his name. Apparently spontaneous bruises also occur 
some patients receiving cortisone and adrenocorticotrophic hormone (ACTH). 
When first saw these lesions two patients, one receiving cortisone and the 
other ACTH, thought the discoloration persisted for unusually long time 
bruises produced venipuncture also disappeared very slowly. These observa- 
tions led study the effects cortisone and ACTH the dispersion bruises 
induced experimentally the skin. 

first describe studies man, which confirmed our original observation 
the hormones delayed dispersion experimental bruises and delay also occurred 
Cushing’s syndrome. Since detailed understanding this effect depended 
upon histological examination tissues, also investigated bruise dispersion 
the guinea-pig and the effect cortisone it. 


Dispersion Bruises Man. 


Experimental bruises were made healthy subjects and patients with rheumatoid 
arthritis and other diseases. With tuberculin syringe and gauge needle, 0-1 ml. 
the subject’s own blood was injected intradermally. The blood was withdrawn from 
antecubital vein and injected before clotting occurred. Duplicate injections were made, 
some subjects the flexor surfaces the forearm, others into the skin the back. 
When treatment effects were studied, bruises were made approximately weekly intervals 
and care was taken use comparable sites before, during and after treatment. Bruises 
were inspected daily until they disappeared. 


The lesions had three components hr. after injection. the centre was 
area 2-3 mm. diameter, which was slightly reddened, raised and indurated. 
Around this was mauve coloured ring 8-12 mm. diameter, with clearly de- 
fined margins. Surrounding this was area staining 15-20 mm. diameter, 
whose margins were less distinct and whose tint varied, being usually yellow 
brown. Later the central area became pale and the peripheral area developed 
hues blue and green which faded imperceptibly into normal skin. The mauve 
zone became interrupted pale patches and was possible determine with 
fair precision the day which the last trace mauve disappeared. The time 
taken for the disappearance the mauve was used the index dispersion 
and the mean dispersion time days the duplicate lesions was recorded. 
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Dispersion Times Untreated Subjects. 


The dispersion times measured one occasion each three groups 
subjects are recorded Table The range dispersion times wide but similar 
each group. The mean dispersion times are also similar and test showed 
significant differences between groups. Although this would not necessarily 
true larger number observations were analysed, clear that the difference 
between the three kinds subject tested unlikely great. 

The constancy dispersion times over several weeks was also tested. Table 
shows the results two patients tested intervals one two weeks. 
both cases the times are fairly constant and fall within one day the means. 


Bruise dispersion time days 


Cortisone 200 


Days 


bruise dispersion times related treatment Case 


Effect Cortisone and ACTH Dispersion Times. 


This was studied patients, whom had ulcerative colitis and the others 
chronic active rhematoid arthritis. Table summarises the results, and the 
sequence dispersion times case illustrated diagramatically Fig. 

Patients and were those whom the original observation persistent 
staining spontaneous bruises and venipuncture sites were made. both, 
experimental bruises were made the last week treatment and compared with 


DESCRIPTION PLATES. 

2.—Appearance 7-day-old experimental bruises the skin the forearm during 
ACTH treatment patient 

Fic. 3.—Transilluminated skins experiment experimental bruises (a) 

guinea-pigs treated with cortisone. (b) guinea-pigs treated with diluent only. 
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bruises made after treatment was stopped. Dispersion times were prolonged 
during, compared with after, treatment 2-5 and 8-0 days respectively. The 
site day-old lesions during ACTH patient shown Fig. patients 
and prolongation dispersion times during, compared with before, 
treatment ranged from averages 1-8 7-5 days. three the first four, the 
difference was statistically significant the test. 

Prolongation dispersion time was not always attained the first weeks 
treatment, cases which was eventually increased this may account for 
the absence change patient who received cortisone for only 
longed dispersion time may not, however, invariably accompany treatment. 


Dispersion Times Healthy and 
Diseased Subjects. 


Number Bruise dispersion time days. 
Group. subjects. Mean. 


TaBLE Dispersion Times Repeated 
Tests Patients. 
Tests. 


Diagnosis. 


Rheumatoid arthritis 6-0 5-0 6-0 


The tests were made intervals 1-2 weeks. 


Cortisone and ACTH Bruise Dispersion Times. 


Mean bruise dispersion time days. 


Pati- Daily dose Be- 
ent. Age.Sex. Diagnosis. fore. During. crease. ence. After. 
arthritis 
arthritis 
colitis 150 
arthritis 
arthritis 
arthritis 
arthritis 
Rheumatoid 0-2 6-5 (1) 
arthritis 200 


Duration treatment with cortisone ACTH before production bruise. 
The figures brackets are the numbers pairs tests which the times are based. 
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The latter part treatment patients and was supplemented 
ascorbic acid daily, for reasons not concerned with this experiment. There was 
change dispersion time attributable this supplement. 

After treatment, bruise dispersion was accelerated. patients receiving 
more than week’s treatment, the dispersion time decreased gradually and some- 
times irregularly over several weeks and the mean dispersion times the after- 
treatment periods were thus greater than those before treatment. 


Bruise Dispersion Time Cushing’s Syndrome. 


Because cortisone and ACTH administration may induce all the manifestations 
Cushing’s syndrome, experimental bruises were studied three such cases. 
All were females one had adrenal cortical carcinoma and the others adrenal 
cortical hyperplasia. The bruise dispersion times were: over 12, and 11-5 
days respectively. These exceed the range dispersion times days found 
subjects without Cushing’s syndrome and are similar times found some 
patients treated with cortisone and ACTH (Table 


Dispersion Bruises Guinea-pigs. 


Albino guinea-pigs the Compton strain were used. They weighed and were 
fed Bruce and Parkes (1947) pellet diet and unrestricted cabbage. Treatment consisted 
either cortisone acetate (Cortone, Merck) the diluent alone. Cortisone was injected 
subcutaneously mg. daily, and the same volume diluent 0-4 ml. was injected control 
animals. 

Bruises were made duplicate intradermal injections 0-1 ml. fresh heart blood 
the skin the closely clipped back, one each side the midline. 

Experiment 1.—Two injections blood, obtained from single donor, were made 
each four female guinea-pigs, order discover the dispersion time the bruises. 

Experiment 2.—To study the effects cortisone bruise dispersion, four male guinea- 
pigs were used, receiving cortisone daily and the diluent, for days before death. Their 
own blood was injected and days before death, and the lesions were examined macroscopi- 
and histologically. 

Experiment 3.—The macroscopic and histological study was extended, using females, 
receiving cortisone treatment for days before death. Their own blood was injected 
and days before death. One cortisone-treated animal died under anaesthesia during 
the experiment. 

The lesions for histological examination were excised from the freshly killed animals, 
fixed per cent formol saline, and sections were stained with haematoxylin and eosin, 
haematoxylin and van Giesen and combination and Turnbull’s methods iron, 
using mixture per cent potassium ferrocyanide and per cent potassium ferricyanide 
with per cent Hydrochloric acid. 


Macroscopic Appearances. 


The appearances the bruises were similar those man. all experi- 
ments the bruise dispersion time untreated animals was days. 

The and 2-day-old lesions were indistinguishable the cortisone-treated 
and control animals. days the bruises the former were still compact and 
homogeneous, while the latter disruption mauve pigment was taking place 
(Fig. 3). Differences between the groups, seen best transillumination the 
skin, were even more marked days, when lesions the test group were smaller 


but still compact, whereas the control group they appeared pale areas with 
ill-defined margins. 
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Histological Appearances. 


There was conspicuous polymorphonuclear infiltration the centre the 
and 2-day-old lesion from treated and control animals. This was reduced 
days and almost absent days. 

The injected erythrocytes lay first between the collagen bundles the corium 
and the adipose tissue deep it. the test animals they were still present 
days, mostly the adipose tissue layer, but they were absent this time 
out the control the fourth animal, the residual erythrocytes 
appeared fewer than the corresponding lesions the test group. 4-day- 
old lesion one the test group, erythrocytes extended from the adipose layer 
deep the corium into the underlying muscle layer,where they lay free between 
the muscle bundles. all the lesions the erythrocyte aggregations corresponded 
position with the mauve pigment zone seen macroscopically. 

the and 2-day-old lesions, some the histiocytes had enlarged and 
days they had greatly increased number. The histiocyte proliferation occur- 
red evenly throughout the corium and did not appear concentrated round 
the more patchily distributed erythrocyte aggregations. were still 
conspicuous days, days after disappearance the erythrocytes. 
definite differences histiocyte reaction were established between the treated 
and control groups. 

Erythrophagocytosis histiocytes, although present from the first day, was 
inconspicuous. examination was made 200 histiocytes the corium and 
100 the adipose layer 2-, and 4-day-old lesions from both treated and 
control animals. Table shows that the percentage histiocytes showing 


erythrophagocytosis was very small and did not differ appreciably the two 
groups. More than one erythrocyte was rarely seen any one histiocyte. 

Local haemosiderin formation was very scanty and was not seen until the 
third day, when appeared almost confined the adipose layer deep the 
corium. days, some brown crystals were seen which did not give the stain- 
ing reaction for iron and which were thought 


Histiocytes showing Injected 
Erythrocytes Experimental Bruises Guinea-pigs. 
Per cent histiocytes with 
ingested erythrocytes. 


Age 
Cortisone Control 
days. 


Adipose layer 
Corium 

Adipose layer 
Corium 

Adipose layer 


DISCUSSION. 


have shown that skin bruises delayed cortisone, ACTH 
and Cushing’s syndrome man and cortisone guinea-pigs. have 
not succeeded identifying with certainty the mechanism mechanisms which 
this hormone effect but would make the following comments. 


j 


The factors concerned dispersion extravasated erythrocytes are complex 
and incompletely any one species tissue. Cohnheim (1889) described 
removal lymphatics, decolourization with remnants colourless stroma,and 
ingestion phagocytes. When first saw delayed bruise dispersion man, 
suspected that was due impaired macrophage response, for Gell and Hinde 
(1951) had found that this response was impaired inflammatory reactions 
rabbits treated with cortisone and ACTH. day-old experi- 
mental bruises which excised from untreated patients, phagocytosis erythro- 
was inconspicuous that seemed unlikely that impaired macrophage 
response, least alone, could account for the delayed bruise dispersion. Our 
doubts about this were confirmed the studies guinea-pigs which have 
described again, removal erythrocytes phagocytes appeared play 
minor part bruise dispersion. 

The relatively minor phagocytosis seen our lesions contrasts with that 
described Muir and Niven (1935). This might partly due differences 
the methods employed preparing tissues for examination, for Muir and Niven’s 
striking illustrations were preparations, technique hardly appli- 
cable the tough skin the guinea-pig. The different findings are more likely 
related the differences volume blood injected, the sites injection 
and the species studied. injected intradermally smaller volumes than Muir 
and Niven injected subcutaneously, and our lesions dispersed more rapidly. 
Muir and Niven studied the mouse, rat and rabbit, while studied man and the 
guinea-pig. interest too that they found erythrophagocytosis less 
conspicuous the rabbit than the mouse and rat. 

result our experiments, have been led consider other possible 
means whereby cortisone might delay bruise dispersion. The peripheral staining 
with haemoglobin and its derivatives showed that haemolysis occurred our 
experimental lesions. Though conceivable that cortisone delays bruise dis- 
persion influencing the rate haemolysis, this seems unlikely, for saw 
difference the development staining treated and untreated subjects. 

try assess the part played lymphatic removal erythrocytes, 
lesions were excised with surrounding skin, cleared and examined microscopically. 
Though small blood vessels were shown the blood they contained, lymphatic 
trunks were not detected. cannot therefore judge the part played lym- 
phatics removing erythrocytes from these lesions the possible effect cortisone 
lymphatic removal. 

Another mechanism bruise dispersion the diffusion erythrocytes through 
the surrounding tissues. microscopic sections through our experimental 
bruises, the erythrocytes lay between the collagen bundles, spaces which con- 
tain ground substance (Gersh and Catchpole, 1949), between fat cells and, deeper. 
between muscle fibres. Erythrocyte dispersion might influenced factors 
affecting the resistance offered ground substance cell movement. Hin- 
drance cell movement altered ground substance has also been considered 
Gell and Hinde (1953) explanation the impaired macrophage respons? 
which they found inflammations rabbits treated with cortisone. The possi- 
bility that cortisone and ACTH influence bruise dispersion affecting the quality 
ground substance clearly requires further study. this connection would 
observe that the presence free fluid the tissues, such occurs inflammation, 
one the factors which enhances the diffusion substances injected the 
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skin (Seeberg, 1947). There was inflammatory reaction our experimental 
bruises, and the well-known effect cortisone diminishing inflammations 
the skin animals, which have also shown occur man (Lovell, Goodman, 
Hudson, Armitage and Pickering, 1953), may possibly relevant the effect 
cortisone bruises. 


SUMMARY. 


man, the dispersion bruises the skin delayed treatment with 
cortisone and ACTH and Cushing’s syndrome. guinea-pigs delayed 
cortisone. 

The results histological studies make unlikely that the effect can 
buted impairment macrophage activity. The effect may due impaired 
lymphatic removal erythrocytes altered resistance their dispersion 
through the ground substance connective tissue. 


are indebted the Nuffield Foundation for the grant which enabled these 
studies undertaken and Merck and Co. Inc., part whose gift cortisone 
the joint committee the Nuffield Foundation and the Medical Research 
Council was used. are grateful Dr. Hinde and Dr. Pike for com- 
menting some the histological preparations and Dr. Cardew for 
the photographs. thank Professors Newcomb and Pickering 
for their encouragement. 
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extracts tissues will prevent the agglutination red blood cells 
appropriate antisera. Murray, Lathe, Clark, Ruthven and Levine (1950) showed that 
this property lipid extracts was not specific for one blood group system. They 
made preliminary fractionation lipid extracts adsorption chromatography 
and produced three inhibitory materials, all which were considered mix- 
tures. Further attempts purify these materials adsorption chromatography 
were unsuccessful but eventually more effective method lipid fractionation 
counter-current distribution (Cole, Lathe and Ruthven, 1953a, was devised. 
This method has now been applied the separation lipids inhibiting 
haemagglutination. 


METHODS. 


Murray al. (1950) have described the extraction tissue lipids, the preparation 
inhibitors, and serological techniques for determining the inhibitory activity. These latter 
consisted essentially dispersing definite quantity lipid diluted agglutinating 
serum (anti-D) which was then added Rh-positive cells 7-34 phos- 
phate buffer. The extent inhibition agglutination was read 15, and 120 min., 
comparisons being made with appropriate controls. 

Human placenta and brain, from which the membranes had been removed, were dehy- 
drated homogenizing twice with two vol. acetone. The remaining lipids were then 
extracted homogenizing the tissue residue with about twice the original vol. alcohol- 
ether (2: 1), and allowing the material stand for several hours. The acetone and 
ether extracts were taken dryness vacuo 40° and the lipid residues combined. 
Samples lipid g.) were then fractionated dissolving them equal vol. (usually 
ml.) the two phases solvent system (Table and distributing them through 
tubes the counter-current apparatus Lathe and Ruthven (1951). The lipid each 
tube was recovered and estimated evaporating the solvent 40° vacuo, drying over 
H,SO, vacuo, and weighing the residue. The amount individual tubes recorded 
percentage the whole wt. Further distributions were made with solvent systems 
and (Table depending the polarity the lipid. 


EXPERIMENTAL. 
Counter-Current Distribution Inhibitors. 

Previously Murray al. (1950) fractionated lipid extracts adsorption 
chromatography alumina, and found that some inhibitory activity occurred 
the light petroleum eluate (inhibitor and methanol eluate (inhibitor 
while further inhibitor material (inhibitor could washed from 
the column with hot methanol and ether. These materials provided the starting 
point for counter-current studies. sample each the inhibitors was subjected 


542 
q 


LIPIDS INHIBITING HAEMAGGLUTINATION 


I.—Composition solvent systems for counter-current 
distributions. 


System. 


Volume ratio 
lower phase 1/1 1/4 1/1 


Figures the body the table are volumes individual components required 
prepare L.P. light petroleum, b.p. 


transfers with solvent The results these distributions (Fig. 1). showed 
that each the inhibitors was mixture many different fractions. For this 
reason seemed appropriate determine the position occupied inhibitory 
materials counter-current distributions crude placenta lipid. 


8-0 


weight 


Tube number 


Inhibitors distributions crude placenta lipid. 


placenta lipid extract was distributed through tubes solvent (Fig. 
and the material every second tube was examined for inhibitory activity, 
using 0-1 mg. lipid. studying series tubes one time was found 
possible pick out the activity without difficulty. Three peaks 
were observed the region tubes and 24, and there was inhibitory 
activity tubes 30-49. 

For more complete separation the polar fractions (tubes were combined 
and distributed solvent (Fig. 3). Strong inhibitory activity was found 
between tubes and 26. Accordingly these tubes were reassayed using mg. 
lipid. This revealed main peak inhibition tube 20, and minor one 
tube was observed that fractions comparable with tube tended 
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lytic when assayed the usual 0-1 mg. level. When examined under the micro- 
scope this lytic process consisted explosive disruption the erythrocyte 
membrane, seen lysis bile salts. This provided contrast with lysis 
anionic detergents which there gradual escape the haemoglobin 
through the membrane. 


Peaks inhibitory activit 


4-0 


Per cent whole wei 


Tube number 


Fic. 2.—Position the peaks inhibitory activity 49-tube distribution crude 
placenta lipid solvent 


Peaks inhibitory activity 


5-0 


Per cent whole weight 


Tube number 


Fic. 3.—Position the peaks inhibitory activity 49-tube distribution solvent 
the combined placenta lipid fractions from tubes (see Fig. 2). 
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The central fractions (tubes the first distribution placenta lipid 
(Fig. were further examined. They were combined and after preliminary 
division 9-tube distribution solvent the more polar tubes and the 
less polar tubes (5-9) were combined and distributed separately through tubes 
solvent (Fig. 4). strong inhibitor was found both distributions tube 
weaker one tube 17, and third, scarcely inhibitory, tube 25. The lack 
activity tubes the first distribution (Fig. was confirmed running 
these lipids another system and re-examining them. activity 
was found. 


Peaks inhibitory activity 


o 
° 


Tube number 
4.—Position the peaks inhibitory activity 49-tube distribution solvent 


the more polar and less polar parts the placenta lipid from tubes 
(see Fig. 2). 


addition examining these distributions placenta lipid, assays have 
been made the fractions other counter-current distributions placenta 
lipids. The results are not presented detail here, since they merely confirmed 
the main features which have emerged above. 


Inhibitors from brain lipid. 


While systematic search for lipid inhibitors haemagglutination has been 
made brain extracts, observations have been made the counter-current 
distributions cephalin, mixed sphingomyelin and cerebrosides, and lecithin, 
prepared (Cole al., 1953a). After preliminary separation 
solvent the polar parts were distributed solvent under the same conditions 
demonstrated Fig. Cephalin showed inhibitory peaks tubes and 
tubes 17-18. preparation mixed sphingomyelin and cerebrosides, simi- 
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larly treated, inhibitory peaks were found these same two points. prepara- 
tion brain lecithin was distributed solvent and presented slightly differ- 
ent pattern inhibitory lipids. These were found between tubes and 14, the 
most active being tube (Fig. Cole et. al., 1953a). This lack agreement 
with the other brain lipid distributions probably due the differences the 
two solvent systems. 

Brain lipids obtained from tubes 49-tube distribution solvent 
Fig. were re-distributed, with placenta lipid, solvent Fig.4). 
Strongly inhibiting material was found tubes and and less tube 
but the two minor inhibitors, corresponding tubes and the placenta 
distribution were scarcely detectable. Possibly they were diluted out other 
materials. was found with comparable placenta lipids the non-polar half 
this distribution was free inhibitors. 


DISCUSSION. 


These studies the distribution haemagglutination inhibitors among lipid 
fractions permit two observations. noted that the position the peaks 
activity similar distributions placenta and brain lipids. Each the 
tissues appears have three main inhibitor fractions, occurring comparable 
speaks for degree chemical specificity. However, the activity depended 
two three specific compounds would anticipated that these were 
freed inactive materials counter-current distribution the same inhibitory 
power would shown much less material. This has not been observed. 
The most active materials now obtained tube Fig. are not much more 
potent than inhibitor which was the most active previously found. 

This failure the inhibitory potency increase factor three five, 
the least, may explained three ways. The active material may 
unstable and decomposing under the conditions used for fractionating lipids. 
Secondly the reduction the amount lipid used the assays may vitiate the 
conditions the test, altering the proportion lipid serum protein the 
system. Thirdly, the lipid fractions being separated from the main inhibitors 
may also inhibitors agglutination, but with activity little lower than 
that necessary show under the conditions the test. This latter possibility 
keeping with the presence least three relatively strong inhibitor fractions, 
well other which are less active. Moreover, the distribution inhibitory 
material may widened considerably using 0-1 0-5 mg. each fraction 
for assay. would expected then that the inhibitory characteristic was 
related some structural feature, property, common all these active fractions. 

The position the inhibitors the counter-current distributions gives some 
indication their chemical nature. observed that all the active lipids are 
polar character, and that the fractions containing neutral fat and cholesterol 
esters (Fig. tube 45), well cholesterol (Fig. tube 35) are devoid activity. 
Elsewhere (Cole al., 1953a, evidence presented show that large part 
the polar fractions brain lipid phospholipid character, and this also 
true placenta lipid, though lesser extent. The placenta lipid distributions 
have been examined see whether the inhibitory activity lipid fractions could 
correlated with the presence any one phosphatidyl base. Although the 
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relationship not simple one, examination the materials from another 
scheme fractionation which the distribution bases has been more thoroughly 
worked out suggested that serine occurs all the strong inhibitors. However not 
all the serine-containing fractions are strongly inhibitory. 

Among lipids, phospholipids are notable for the association strong hydro- 
philic and aliphatic characteristics, and this combination opposite qualities 
which their surface activity may attributed. The effect these substances 
haemagglutinating systems may due this surface activity. our ex- 
perience other surface-acting agents, such anionic detergents and bile salts, 
also inhibit agglutination. Further studies are required show how inhibition 
effected, although Murray al. (1950) have shown that the lipid inhibitors 
not interfere with the attachment the antibody the erythrocyte, but intervene 
later stage the agglutination process. 


SUMMARY. 


search for inhibitors haemagglutination has been made among fractions 
brain and placenta lipid counter-current distributions. was observed 
that the inhibitory property absent from non-polar lipids, and widespread 
among polar lipids. The location the most active materials distributions 
brain lipid similar that placenta. This suggests some chemical specificity. 
However, the more widespread occurrence activity when inhibition assays are 
made with larger amounts material, together with the absence any fractions 
with much greater potency than the cruder mixtures, suggests that some common 


property polar lipids, such surface activity, underlies their inhibitory property. 


Our thanks are due Dr. John Murray who suggested this investigation and 
gave his support, and Miss Persky and Mrs. Cole who assisted 
the preparation materials. 
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Tue ability certain strains staphylococci produce substances capable 
irritating the gastro-intestinal tract has been recognised since the 19th century. 
Denys (1894) first described the phenomenon Belgium, while Owen (1907), 
Barber (1914) and Dack, Cary, Woolpert and Wiggers (1930) all record similar 
outbreaks. Following the description Dack and his 
coccal food-poisoning became established syndrome and since then many 
workers have sought describe tests for the recognition enterotoxic 
Jordan and McBroom (1931) used rhesus monkeys test toxic filtrates, but 
results with this animal have been variable. Borthwick (1933) injected filtrates 
into the stomachs rabbits and guinea-pigs controlled values, while Stone 
(1935) has described gelatin liquefaction test for the recognition food-poison- 
ing strains. 

The intra-peritoneal kitten test Dolman, Wilson and Cockcroft (1936) 
attracted considerable attention and for some years was regarded reliable 
method identification. However, Fulton (1943) has shown that kitten-positive 
strains may harmless susceptible human volunteers whilst strains which 
produce characteristic symptoms volunteers fail give positive kitten test. 
Little progress has been made since that date, and Van Heyningen (1950) 
Progress research this toxin stifled almost the point 
extinction the difficulties testing the toxin.” 

The effect staphylococcal filtrates isolated small intestine was first 
investigated Bayliss (1940) who failed observe any direct action the toxin 
isolated rabbit and cat small intestine. However, Richmond, Reed, Shaugh- 
nessy and Michael (1942) showed that filtrates from clinically positive strain 
could produce increase tonus almost all experiments when tested 
isolated segments rabbit jejunum. some instances this was accompanied 
increase amplitude contraction. Richmond al. (1942) concluded 
that this increased tonicity might equivalent the enterospasm experienced 
human cases, and that the test could prove useful detecting enterotoxin 
production. view these conflicting results, was decided investigate 
the effect various staphylococcal filtrates isolated rabbit small intestine 
decide whether the method was any value the identification enterotoxic 
strains. 
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MATERIALS AND METHODS. 
Selection strains. 

Twenty-four strains Staphylococcus pyogenes were selected for testing. Twelve 
these were isolated from variety pyogenic lesions man, and twelve, which were suspected 
food-poisoning strains, were kindly supplied Dr. Williams. All strains were 
screened for haemolysin production the plate method described Elek and Levy (1950). 


Preparation filtrates. 


Toxic filtrates were prepared the method Dolman and Wilson (1938). Owing 
the great reduction haemolytic activity following sterilization Seitz disc, the crude 
culture filtrates were centrifuged 7000 r.p.m. for min. and the clear supernatant fluids 
were used immediately without further treatment storage. The titre was 
determined each case before testing, incubating filtrates 37° with per cent sus- 
pension washed rabbits’ red cells. Readings were taken hr., and control racks with 
added commercial staphylococcus antitoxin were set each instance. The results 
these preliminary investigations are found Tables and II. Control filtrates were pre- 
pared expressing fluid from uninoculated media. 


Activity Pyogenic Strains Staph. pyogenes. 


titre 

Strain. Source. Haemolysins. filtrate. 


Meningitis 


Activity Food-poisoning Strains Staph. pyogenes. 


titre 

Strain. Haemolysins. filtrate. 


Preparation small intestine. 

Lengths small intestine were obtained from rabbits killed blow the neck. 
When not use the gut was stored Ringer solution the test, cm. open seg- 
ments were suspended ml. oxygenated Ringer 38°. Toxic filtrates were warmed 
38° and added the bath after the removal equivalent volume Ringer solution. 
All recordings were made smoked drums rotating mm. per second. 
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RESULTS. 

filtrates derived from pyogenic strains showed that amounts 
varying between ml. (1-6 cent) and ml. (8-3 per cent) could added 
the bath without significant alteration tone amplitude contraction. The 
control filtrate from media occasionally caused loss tone 
previously noted Richmond et.al. (1942). those filtrates with high 

a-haemdlysin titre failed produce response. view Fulton’s observations 
intraperitoneal (Fulton, 1943), was interest that 
filtrates from the two strains (R.K. and Hillman) were also 
negative under the conditions the test 1). 

Filtrates from the twelve food-poisoning strains were tested under identical 
The addition ml. amounts toxin produced slight and tran- 
sient increase The addition of. successively larger quantities 
the same segment gut resulted the response seen was eventually 
found that approximatély ml. (6-6 per cent) filtrate would produce well- 
defined response and quantity was used all subsequent experiments. 
During examination the twelve filtrates, three variations response were 
observed which closely resembled those described Richmond al. (1942). 
all there was increased tonicity. One preparation reacted with 
almost-total spasm (Fig. 4), another there was increased amplitude con- 
while the remainder showed alteration amplitude. 

the food-poisoning filtrates was remarkably stable heat, 
being heating 56° for hr. (Fig. boiling and cooling 
rapidly. This agrees with the observations Davidson and Dack (1939) and 
Surgalla and Hite (1945). The addition sufficient staphylococcus antitoxin 
neutralise activity also failed abolish the effect (Fig. 7). The 
increased tonicity could reversed atropine (Fig. 8). single experiment 
was performed using kittens’ small intestine which responded similar manner, 
was-no more sensitive than rabbit preparations. account the large 
volume filtrate required response was felt that the media and con- 


culture, although optimal for haemolysin production, might not 
ideal for production Consequently, several food-poisoning 


strains were grown in’ Robertson’s cooked meat medium 30° for hr. 
attempt reproduce the conditions under which clinical outbreaks have been 
occur. The filtrates from these showed 
activity and quantities failed produce any response from isolated 
rabbit ‘small intestine. 


DISCUSSION. 


The dicrepancy the reults obtained Bayliss (1940) and Richmond 
(1942) can part explained the volume toxic filtrate employed 
the tests... Bayliss failed elicit response with between 0-1 and 1-0 per cent 
the bath, while Richmond al. (1942) used ml. (16-6 per cent) 
an’ effect. Although the latter quantity larger than that used the 
experiments cent), the diminished potency Richmond’s toxins 
well for filtration before use. Since Seitz filtration caused 
30-fold reduction the titre filtrates, was felt that other 
toxic constituents might well adsorbed during sterilization and this was 


550 


DETECTION STAPHYLOCOCCAL ENTEROTOXIN 


CONTROL 


Fic. I.—Lack response addition ml. toxic filtrate containing 
from pyogenic strain. 


per sec. 


and 3.—Increased tonicity obtained with varying quantities 
filtrate from food-poisoning strain. 


ANDERSON 


Fic. 5.—Increased contraction with increased tonus 
ml. filtrate from food-poisoning strain. 


4.—Increase tonus with almost total spasm after addition toxic filtrate. 
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Fic. 8.—Reversal increased tonus the addition atropine. 


consequently abandoned. However, relatively large amount unfiltered 
toxin was still required produce response, doubtless owing the insuscepti- 
bility the rabbit, for the human volunteer clearly remains the most sensitive 
test enterotoxin production. None the food-poisoning strains tested pro- 
duced but observations the two pyogenic strains elaborating this toxin 
show that does not elicit response and that its production entero- 
toxic strain would not alter the validity the test. This, together with the fact 
that high titre fails elicit response, confirms the observation 
Surgalla and Hite (1945) that the haemolysins and the enterotoxin are separable 
and distinct entities. The conclusions drawn from the experiments 
Richmond al. (1942) are limited the fact that only one enterotoxic strain 
seems have been used for toxin production trials under varying conditions. 
Furthermore, the control organism was air-borne strain staphylococcus. The 
present series experiments indicates that the ability affect rabbit small 
intestine property possessed several food-poisoning staphylococci, and 
not confined one particular strain. Pathogenic staphylococci isolated from 
human lesions not appear possess this property and may therefore 
distinguished from those pathogens which also produce enterotoxin. 

would appear, therefore, that food-poisoning staphylococci give rise 
toxic filtrates capable producing characteristic response when added 
isolated rabbit small intestine. originally suggested Richmond 
(1942) this technique might well more widely employed for the identification 
enterotoxic strains. 
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SUMMARY. 


Twenty-four strains Staph. pyogenes were examined for haemolysin produc- 
tion. Toxic filtrates were prepared and tested isolated rabbit intestine. 

All twelve food-poisoning strains produced characteristic increase tone 
with not less than ml. filtrate. was obtained with filtrates from 
twelve pyogenic strains. 

This property was remarkably neutralized 
staphylococcus antitoxin, but was reversed atropine. was not related 
the production staphylococcal haemolysins. that the method 
more widely explored for the enterotoxin-producing strains 
Staph. pyogenes. 
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WHEN man animal infected with Treponema pallidum, probable 
that least two different are produced. The Wasserman anti- 
body reagin one them and forms the basis the standard serological 
tests for syphilis current use. Reagin considered antilipoidal nature 
because the lipoidal antigen the standard tests reacts with it, fixing the comple- 
ment resulting flocculation. However, the standard tests are sometimes 
positive diseases other than syphilis and even apparently healthy persons, 
that reagin must regarded relatively non-specific antibody. The nature 
its origin syphilis still matter controversy. 

The presence another more specific antitreponemal antibody syphilis was 
first reported Eberson (1921) who demonstrated its presence syphilis 
protection tests rabbits. Turner (1939) and Turner, Kluth, McLeod and Wind- 
sor (1948) confirmed Eberson’s findings more extensive vivo and vitro 
protection tests rabbits. Then, Nelson and Mayer (1949), using the virulent 
Nichols strain pallidum grown and extracted from rabbit testes 
and kept alive special anaerobic medium, showed that the actively motile 
treponemes were immobilized when incubated the presence syphilitic serum 
and fresh complement. the basis this immobilizing antibody syphilitic 
sera, Nelson and Mayer devised their Treponema Immobilization Test 
for syphilis. Studies with sera and cerebrospinal fluid from cases syphilis and 
from various other infections and diseases have shown that this immobilizing 
antibody, contrast with reagin, specific for treponemal infections, particularly 
syphilis (Nelson and Mayer, 1949; Nelson, Zeutlin, Dissendruck and Austin, 
1950; Nelson, Zeutlin, Dissendruck, Stack and Barnet, 1951; Magnuson and 
Thomson, 1949 Mohr, Moore, and Hill, Durel, Sousse and Borel, 1952). 

The purpose the present work has been study experimentally the rela- 
tionships reagin and the treponemal antibody syphilitic human and rabbit 
sera, with the use the T.P.I. test and standard tests. The stability the 
treponemal antibody under varying conditions has also been examined. 


MATERIALS AND METHODS. 
Live treponemal suspension. 

The Nichols strain pallidum obtained from the School Hygiene, Johns Hopkins 
University, was used, and was maintained serial culture the testes young adult rabbits 
mixed breed, free from rabbit spirochaetosis and kept individual cages. produced 
diffuse orchitis rabbit testes days, when about 0-5 ml. testes suspension 
containing 15-20 million pallidum per ml. was inoculated into each testis. The rabbit 
testes, after inoculation, were palpated daily from the fifth day onwards. the earliest 
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signs syphilitic orchitis (diffuse induration and enlargement confirmed dark field micro- 
scopic examination aspirated fluid), the testes were removed aseptically, cut into thin 
slices and ground into suspension, using sterile mortar and pestle with little sterile fine 
sand and ml. per testis sterile per cent normal rabbit serum normal saline. The 
suspension was centrifuged lightly, the supernatant collected and its content pallidum 
was checked under dark field pallidum per field corresponded the 
strength required produce orchitis days. 

The infected rabbit was examined least twice week for orchitis which usually deve- 
loped after about days. Within the next hours the rabbit was killed injecting 
air intravenously. The scrotum was clamped and cut off, and glass operating chamber, 
was cleaned with absolute alcohol and incised: the testes were removed aseptically, and 
after discarding the cord, epididymis and fat, were transferred sterile petri dish. Each 
testis was then cut once longitudinally and then transversely into about thin slices with 
sterile sharp razor blade special holder. The pieces were washed with cold sterile 
normal saline remove any damaged tissue cells and transferred about 20-30 ml. 
Nelson’s medium contained 100 ml. sterile extraction flask, closed ground glass 
stopper with stopcock. The flask was filled with mixture per cent and per 
cent CO, three successive evacuation and refilling operations with special evacuation 
apparatus. The flask and the contents were then gently agitated rocking special 
water bath/rocking apparatus 35°. The treponemes were extracted into the medium 
alive and motile, and rocking was continued until about treponemes per high dry field 
the dark field microscope were obtained. Usually, the end hour rocking, the 
concentration treponemes the suspension was checked under the microscope and rocking 
was continued necessary obtain the desired number per field. The extract was now 
transferred sterile ml. centrifuge tubes and spun 1,500 r.p.m. for minutes get 
rid tissue debris, red cells and spermatozoa. The tissue-free suspension pallidum 
forms the antigen the T.P.I. test. The rest the testis tissue can used suspension 
infect new rabbit. 

The medium for preserving the viability the treponemata under anaerobic conditions 
was that described Nelson and Mayer (1949). some the ingredients are not easily 
available the following notes may helpful. 

The bovine plasma fraction was obtained from Armour and Co., Ltd.; ultra filtrate 
bovine serum (Sims) was obtained from Microbiological Associates Inc., Coral Gables, Florida, 
U.S.A. and was stored under atmosphere per cent CO, thioglycollate 
and sodium pyruvate were obtained from George Gurr Ltd. and were stored dry crystal- 
line form desiccator under vacuum 4°; glutathione from Roche Products Ltd. and 
hydrochloride from Ash Laboritories Ltd. were stored The stock solutions 
the individual constituents the medium were stored —20°. Immediately before use 
the stored solutions were rapidly thawed, the medium was made according the propor- 
tions given the formula, and was sterilized filtration through gradocol membrane 
filter diameter) under slight negative pressure. 

The water bath extraction apparatus was made order Charles Hearson and Co. Ltd. 
range, ordinarily working extraction flask, clipped horizontal metal bar 
fixed the top the bath was immersed the water and swung backwards and forwards 
speeds varying from per minute small electrically driven motor and resistance. 
The flask was 100 ml. capacity, flat-bottomed, made pyrex glass and had ground glass 
stopper with stopcock which was lubricated with Dow Corning Silicone high vacuum 
lubricant. 

Zeiss binocular microscope was used with 10x eye piece and in. objective (dry) and 
cardioid dark ground condenser, and was illuminated McCartney microscope lamp 
(R. Beard Ltd.) fitted with heat-absorbing filter. 

Rimless pyrex test tubes 100 mm. were used, capped with Oxoid (Oxo Ltd.) alumin- 
ium caps half inch diameter. 

All the glassware was cleaned with chromic acid solution, thoroughly rinsed tap water 
and then distilled water and sterilized before use. 


Serum Specimens. 


The syphilitic and non-syphilitic sera human origin were obtained from the Special 
(V.D.) and other departments St. Mary’s Hospital: The syphilitic rabbit sera were 
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obtained from rabbits experimentally infected intratesticularly the laboratory and left 
untreated for 8-12 months. All sera were preserved until ready for testing. Pooled 
guinea-pig serum preserved —20° ml. sterile screw-capped bottles was used the 
source complement the tests. About 80-100 M.H.D. complement per unit volume 
(0-1 ml.) was usually obtained titration the 100 per cent haemolysis end point, using 
per cent sensitized sheep cells total volume 0-4 ml. 


test technique. 


The technique used was essentially the same that used Nelson and Mayer (1949) 
and Nelson al. titre positive sera was expressed the reciprocal the 
serum dilution which produced immobilization per cent the treponemes the pre- 
sence dilution complement after hours’ incubation 35°., the I.T.,, 
(18 hr.). given the tables were obtained plotting the percentage immobiliza- 
tion against the reciprocal the serum dilution semi-logarithmic graph paper and the 
per cent end point was determined linear interpolation. 

The Venereal Diseases Research Laboratory (V.D.R.L.) slide flocculation test with card- 
iolipin antigen (Harris, Rosenburg and Reidal, 1946; Harris, Rosenburg and Delveechio, 
1948) was used the standard test. The titre was expressed the reciprocal the 
greatest serum dilution that produced positive reaction. 


EXPERIMENTS AND RESULTS. 


The Relationship the Treponema Immobilizing Antibody 
and Reagin Syphilitic Sera. 


The relationship the treponema immobilizing antibody reagin was studied 
experimental rabbit syphilis. Five young adult male rabbits which were 
initially sero-negative with the T.P.I. test and the V.D.R.L. slide flocculation 
test, were inoculated intratesticularly with the Nichols strain pallidum. 
The infection was allowed proceed untreated for 8-12 months. About ml. 
blood was withdrawn aseptically from the heart under anaesthesia every month 
after infection. The separated sera were stored —20° until used. 
twelve specimens serum were obtained from each rabbit. Doubling dilutions 
the serum from each rabbit were made 0-85 per cent sterile saline and quanti- 
tative tests were made with the T.P.I. test and V.D.R.L. slide flocculation. tests 
parallel. The titres the two antibodies obtained rabbits are tabulated 
Table will noted that the reagin antibody syphilitic rabbits reaches 
its maximum titre during the first second month infection then falls near 
normal level within the next few months whereas the immobilizing antibody 
titre rises more slowly its maximum but continues high level for months. 

This apparently diverse nature the two antibodies was investigated 
absorption experiments. The V.D.R.L. cardiolipin antigen was diluted 
with buffered saline solution and two ml. quantities were centrifuged 10,000 
r.p.m. for minutes cold centrifuge 5°. The supernatants were discarded 
and ml. pooled human syphilitic sera was added the deposit antigen parti- 
cles one tube. The mixture was agitated thoroughly for minutes. The 
resulting flocculate was separated from the serum centrifugation the cold 
centrifuge 10,000 r.p.m. for minutes 2-5 ml. the supernatant serum was 
set apart marked serum I.” The other 2-5 ml. was then added 
the antigen deposit the other centrifuge tube, agitated and second absorption 
and centrifugation was carried out before. This latter serum was marked 
absorbed serum 2.” The original serum and the two absorbed sera were tested 
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TaBLE Titres Antibody and Reagin 
Untreated Experimental Rabbit Syphilis. 
Months. 


Rabbit. Tests. Ist. 2nd. 3rd. 4th. 5th. 6th. 7th. 10th. 11th. 12th. 


JHS 60. 60. 125 180 180 200 180 


160 170 190 160 270 320 


JH7 


not tested, positive, weak positive, and negative undiluted serum. 
The sera all rabbits were negative before infection. 


parallel with the T.P.I. test and the V.D.R.L. slide flocculation test 
tively. This absorption experiment was repeated with two rabbit syphilitic sera 
and the results obtained are given Table IT. 

The reagin appears have been removed the cardiolipin antigen, leaving 
the immobilizing antibody little affected. 


Absorption the Reagin from Syphilitic Sera with 
Cardiolipin Antigen and Quantitative Testing their Immobilizing 
Antibody Content. 

Serum Serum Serum 
(Human syphilitic pool.) rabbit serum.) syphilitic pool.) 


Ab- Ab- Ab- Ab- Ab- Ab- 
Tests. twice. sorbed. once. twice. twice. 


T.P.I. titre 110 165 170 
The figures represent the reciprocals the highest dilution serum giving positive result. 

Negative. 


Stability the Immobilizing Antibody. 


freeze-dried syphilitic pool sterile human syphilitic serum was 
dried from the frozen state 0-2 ml. quantities, using centrifugal freeze-drier 
(Edwards tubes were prepared, sealed vacuum and stored room 
temperature. monthly intervals these freeze-dried sera were re-constituted 
with sterile distilled water and tested quantitatively duplicate with the 
test and compared parallel with the original serum preserved —20°. The 
results showed that there was significant change the titre sera stored 
the dry state for months. 

syphilitic sera under varying temperatures.—A pool syphilitic rabbit sera 
was heated duplicate 56° for hour and hours ml. quantities. The 
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sera were then tested quantitatively duplicate with the T.P.I. test and the 
titres compared with that the original unheated serum. The results indicated 
that the immobilizing antibody was not affected this degree heating. 

Two syphilitic sera and syphilitic cerebrospinal fluid were left duplicate 
ml. screw-capped bottles the bench room temperature 
weekly intervals they were tested quantitatively along with their originals, which 
had been preserved —20°. Results showed that the immobilizing antibody 
was unaffected 2—4 weeks’ storage room temperature. 

contaminated syphilitic ml. pool syphilitic human 
sera was experimentally inoculated duplicate with Staphylococcus aureus and 
left the incubator 37° for hours. Another ml. the same pooled sera 
was left the bench duplicate exposed laboratory contaminants room 
temperature for days. the end these periods, when they were shown 
grossly contaminated, the sera were filtered free bacteria passage 
through gradocol membranes and tested quantitatively with the T.P.I. test, 
comparing the titres obtained with those the original sera which had been 
preserved —20°. The results indicated that the T.P.I. antibody withstands 
these unfavourable conditions remarkably well. 


vivo Sensitization pallidum its own Antibody. 


rabbit was infected intratesticularly the technique already described 
produce orchitis 7-8 days. the earliest signs orchitis, confirmed 
dark field observation aspirated fluid the right testis was removed aseptically 
under anaesthesia. With suspension pallidum extracted from this testis, 
test was performed known negative and known positive rabbit sera, 
serially diluted beyond their probable titres and the percentage immobilized 
each dilution was noted. Four days later the rabbit was sacrificed and the left 
testis was used prepare suspension live treponemes. T.P.I. test was 
performed using this suspension with similar serial dilutions the sera preserved 
—20°, and the percentage immobilized treponemes was compared with those 
obtained with the right testis treponemes. 

This experiment was repeated with another rabbit from which the two testes 
were removed intervals days and the extracted treponemes tested against 
normal human sera qualitatively and one positive rabbit serum quantitatively. 

The results (Tables III and IV) show that the T.P.I. test done with suspension 
prepared from rabbit testes harvested days more after orchitis detectable, 
gives false positive test normal sera and increase the titre positive 
sera far beyond chance variation its previous known titre. 


DISCUSSION. 


The treponema immobilization test has made available vitro technique 
for studying the relation the specific antitreponemal antibody reagin. The 
quantitative study their titres untreated rabbit syphilis indicates that the 
immobilizing and reagin activities are due different antibodies. Although the 
titres the two antibodies tested monthly are not strictly comparable, their 
different courses—the immobilizing antibody maintaining steady level after 
reaching the peak while the reagin disappears again—strongly suggests their 
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distinct nature. similar study untreated human syphilis would illumina- 
ting but the practical difficulties allowing human syphilis progress untreated 
for sufficient length time would great. has however been shown 
other workers who examined sera from various stages human syphilis from 
different individuals, that there correlation between the results the two 
types tests except perhaps early syphilis. Again, non-treponemal infec- 


TABLE Test using Treponema Suspension 
from Rabbit Testes beyond the stage Orchitis. 


Treponemes immobilized 
per cent. 
Suspension from Suspension from 
Negative rabbit serum 


J.3 


Serum-free saline control 


using Treponema Suspension Extracted from 
‘Rabbit Testes beyond the Early Stages Orchitis 
Tests Results. 


Treponemes 
per cent, 
Suspension from from 
Sera. Dilution. orchitis. orchitis. 


Negative human serum 

1/10 
1/10 
1/10 
1/10 


Positive rabbit serum 


1/10 
1/20 
1/40 
1/80 
1/160 
1/320 
1/640 


Serum-free saline control 


Positive rabbit serum 
J.19 1/10 100 100 
” . /160 . 0 86 
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tions and diseases, the immobilizing antibody always absent while reagin may 
present. late syphilis, particularly latent syphilis, when resistance 
reinfection usually high, the level the immobilizing reagin often low (Mag- 
nuson and Thomson, 1949; Nelson al., Chacko, 1953). 

This lack relationship was further shown absorption experiments when 
reagin could removed from syphilitic sera without affecting the treponemal 
antibody. Attempts made cross-absorb one both antibodies from syphilitic 
sera with live and killed virulent pallidum were unsuccessful because the 
difficulties obtaining adequate strength tissue-free pallidum for absorp- 
tion. The importance cross-absorption experiments stressed, they may 
also indicate the presence lipoidal and other antigenic constituents virulent 
pallidum which concerned with the production multiple antibodies 
specific and non-specific nature. 

The stability treponema immobilizing antibody heat, freeze-drying, 
and contamination has been investigated. moderately heat-stable, and can 
preserved for months unaltered freeze-drying. Infected sera can steri- 
lized filtration without appreciable loss antibody titre. The use pre- 
servative like contra-indicated the T.P.I. test owing its tre- 
ponemocidal nature. However, contaminated serum may filtered free 
bacteria without damaging its immobilizing antibody content significantly. 

Immobilizing antibody will also remain unchanged when dried from the 
frozen state and stored room temperature least for months. The practical 
application this characteristic the antibody would the preservation 
standard positive syphilitic sera for control and reference purposes. 

Nelson al. (1951) described the phenomenon sensitization pallidum 
immobilizing antibody produced rabbit syphilis when the orchitis was 
allowed proceed beyond its earliest stages. When these treponemes came 
contact with complement vitro, they were immobilized. Thus the treponemes 
harvested from orchitis beyond certain stage and used antigen, interfered 
with the specificity the T.P.I. test producing false positive tests for 
syphilis normal and non-syphilitic sera. This finding was confirmed the 
present study. difficult say what the significance this phenomenon 
may the natural infection man. 


SUMMARY. 


The Treponema Pallidum Immobilization (T.P.I.) test has been applied 
the study the antibodies syphilis. 

The titres the immobilizing antibody and the Wasserman antibody 
reagin were followed untreated experimental rabbit syphilis parallel quanti- 
tative tests sera collected monthly intervals, and were found follow differ- 
ent courses showing little correlation with each other. The distinct nature 
the two antibodies has been further demonstrated absorption the reagin 
alone from syphilitic sera with cardiolipin antigen. 

The immobilizing antibody, which specific treponemal diseases, particularly 
syphilis, remarkably stable syphilitic sera when preserved under varying 
conditions temperature and contaminated sera. These characteristics 
the antibody have been considered practical importance the use the 
test specific reference test for syphilis. 
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its own immobilizing antibody rabbit testes has been confirmed. The signi- 
ficance this phenomenon that would cause false positive tests for syphilis 
with the test. 
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ALTHOUGH the production haemolysin Cl. histolyticum well established 
(Mita, 1934), its properties have been little investigated. not formed 
typical peptone infusion broth, but Stewart (1936) found that the addition 
per cent glucose media this type initiated haemolysin formation. This was 
attributed the reducing property the sugar. More recently Bowen (1952) 
discovered that this haemolytic toxin was oxygen-labile, being inactivated with- 
few days storage the cold either air oxygen. Haemolytic activity 
was restored the addition reducing agent. much slower and permanent 
loss haemolysin occurred during storage, even under reduced conditions. 

well-defined group bacterial haemolysins (streptolysin tetanolysin, 
pneumolysin and Cl. toxin) all possess common properties. They are 
reversibly inactivated oxidising agents, inhibited cholesterol and show 
immunological inter-relationship (van Heyningen, 1950). This latter property 
was investigated Todd (1934, 1941), who demonstrated that oxygen-labile 
haemolysin neutralised the antibody prepared against any one the others 
the group, but not the antibody oxygen-stable haemolysin (e.g., staphy- 
lococcus Another significant group feature the resistance 
mouse red cells these haemolysins. varies between moderate resis- 
tance tetanolysin and remarkably high resistance streptolysin (Howard 
and Wallace, 1953). 

The present investigation was undertaken determine whether Cl. histoly- 
ticum haemolysin shared these properties, addition that oxygen-lability, 
with the other members this group bacterial toxins. 


MATERIALS AND METHODS. 

The Weinberg strain Cl. histolyticum was used (National Collection Type Cultures 
No. 503). One litre ordinary peptone infusion broth, with the addition per cent 
glucose and 0-02 per cent sodium thioglycollate, was distributed into four flasks. Each was 
inoculated with ml. hr. broth culture Cl. histolyticum and incubated anaerobi- 
Present address, The David Bruce Laboratories, East Everleigh, nr. Marlborough, 


DESCRIPTION PLATE. 
The inhibition four oxygen-labile haemolysins antistreptolysin 
Fic. histolyticum. The streak growth not shown. The underlying zone haemo- 
lysis clearly inhibited. 
2.—Pneumococcus. The streak growth clearly seen. The surrounding area 
haemolysis sharply inhibited. 
3.—Cl. type Adjacent the streak growth narrow zone complete 


haemolysis, due toxin, inhibited antistreptolysin The larger outer zone partial 
haemolysis, due toxin uninhibited. 


Fic. 4.—Cl. The growth itself not shown. The underlying haemolysis, completely 
inhibited antistreptolysin traces the spreading colonies. 
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cally 37° for hr. The cultures were centrifuged 3000 r.p.m. for minutes. The 
supernatants were then withdrawn for titration haemolysin. 

doubling dilutions culture supernatant were made with normal saline 
conical centrifuge tubes. ml. each dilution was added 0-5 ml. 0-2 sodium 
thioglycollate. The tubes were placed 37° water bath for min. allow full reduc- 
tion take place. equal volume ml.) per cent suspension rabbit red 
cells saline was added each tube. After further min. incubation, the tubes were 
centrifuged and the percentage haemolysis estimated after the method described Herbert 
(1941). 

Effect place the thioglycollate, 0-5 ml. 0-2 hydrogen peroxide 
was added each dilution. Titrations were carried out the manner described. 

Effect exposure haemolysin was exposed cholesterol 
ligroin-water interface, using the method described Howard et. al. 
lysin ml.) was reduced the addition ml. 0-2 thioglycollate, and ml. 
0-1 per cent solution cholesterol ligroin (B.D.H.) perfused through it. The effect 
the perfusion ml. ligroin alone through haemolysin was tested control. The 
haemolytic activity control solution activated lysin which had stood for similar 
period room temperature was also estimated. 

Comparative resistance rabbit and mouse red 2-5 per cent suspension mouse 
red cells saline (prepared from the pooled blood animals) was added haemolysin 
dilution series parallel with similar series which rabbit erythrocyte suspension 
was added. 

Effect antitoxic was desirable test the effect Cl. histolyticum haemolysin 
both the antibody oxygen-labile haemolysin and that oxygen-stable haemolysin. 
Streptolysin standard antitoxin (20,000 u./ml.) and Burroughs Wellcome staphylococcus 
antitoxin globulins (1250 u./ml.) respectively were used. The serum being investigated 
was added 0-02 ml. amounts each haemolysin dilution ordinary titration before the 
addition the red cells. simple titration was performed control. 

Plate demonstration serological relationship oxygen-labile red 
cells, washed four times, were re-suspended normal saline the original volume. base 
medium consisting Todd-Hewitt broth with the addition 0-02 per cent sodium thio- 
glycollate and 1-5 per cent New Zealand agar was used. Plates were prepared pouring 
initially ml. this medium into in. (8-9 cm.) Petri dishes. When the agar had set, 
sterile filter-paper strip, soaked undiluted antistreptolysin serum, was placed across 
the surface each plate. covering layer ml. medium, with the addition 0-4 ml. 
the human red cell suspension, was then poured. 

Cultures pneumococcus, type (N.C.T.C. No. 7466), Cl. tetani type (U.S.A. strain, 
N.C.T.C. No. 279), Cl. type 107 1491 strain, N.C.T.C. No. 8237) and Cl. 
histolyticum (N.C.T.C. No. 503) were each streaked across plate right angles strip. 
They were incubated anaerobically 37° for days. Areas haemolysis appeared 
after hr. incubation with Cl. welchii, and after hr. with Cl. and pneumococcus. 
Cl. histolyticum was non-haemolytic these plates but haemolysis was induced increas- 
ing the glucose content the medium tenfold (from 0-2 per cent) and incubating for 
hr. 

The effect the diffusion antistreptolysin from the strip the production 
haemolysis each organism was observed. 


RESULTS. 


The findings are set out the Table. 

The addition 0-2 hydrogen peroxide Cl. histolyticum haemolysin con- 
pletely removed its lytic power, confirming the property oxygen-lability 
observed Bowen (1952). 

Exposure cholesterol ligroin-water interface reduced the haemolytic 
titre about one-eighth its initial value, ligroin alone having effect. This 
similar order inhibition that found when streptolysin was similarly 
treated (Howard al., 1953). 
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Mouse red cells appeared about four times resistant Cl. histolyticum 
haemolysin those the rabbit. 

Haemolysis with all concentrations lysin was completely abolished the 
addition high-titre antistreptolysin serum. The minimal inhibition following 
addition the staphylococcus antitoxin attributable the small amount 
antistreptolysin invariably present horse serum. similar slight inhibitory 
effect was produced the addition normal horse serum. 

Plates 1-4 show the inhibition Cl. histolyticum haemolysin and three other 
O-labile haemolysins antistreptolysin serum. Cl. welchii toxin, producing 
the large area partial (hot-cold type) haemolysis, uninhibited, but the narrow 
inner zone haemolysis due the toxin completely inhibited. When 
producing strain staphylococcus was grown similar plate 
(with rabbit cells substituted for human) per cent CO,, there was almost 
inhibition the haemolysins produced. 


Cl. histolyticum Haemolysin against 
Rabbit Red Cells under Different Conditions. 


Dilution culture supernatant. 


1/10 1/20 1/40 1/80 


1/160 


Effect oxidation. 


Inhibition cholesterol. 
Previously exposed cholesterol 


Comparative resistance rabbit and mouse red cells. 
Reduced, with 2-5 per cent rabbit red 


Reduced, with 2-5 per cent mouse red 


Inhibition antistreptolysin 
Antistreptolysin prev iously added 


Effect addition staphylococcus antitoxin. 


Staphylococcus antitoxin previously 


The figures represent percentage haemolysis. 


DISCUSSION. 


Cl. histolyticum haemolysin appears typical oxygen-labile haemolysin. 
Its neutralisation cholesterol and the antibody another oxygen-labile 
haemolysin place the group bacterial toxins typified streptolysin 
All the other oxygen-labile haemolysins conform remarkably similar pattern, 
with the possible exception the toxin Cl. oedematiens, type (Oakley, 
Warrack and Clarke, 1947). The relation the this group has not 
yet been determined. 
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Although the toxins this group are invariably lethal when administered 
laboratory animals sufficiently large doses, unlikely that the haemolysin 
Cl. histolyticum plays any significant part infection caused this organism. 
Bowen found that the haemolytic activity Cl. histolyticum culture filtrates 
could selectively adsorbed without reducing their lethality. The pathological 
effects this bacterium are almost certainly due entirely the lethal («) toxin 
and the potent proteolytic enzymes and which produces (Oakley and 
1950. 


SUMMARY. 


Clostridium haemolysin oxygen-labile and inhibited chol- 
esterol. antigenically related the other oxygen-labile haemolysins, being 
neutralised antistreptolysin thus belongs the well defined class 
bacterial toxins composed streptolysin pneumolysin, tetanolysin and Cl. 
toxin, all which share these characteristics. 

Mouse erythrocytes are four times resistant Cl. haemolysin 
those the rabbit. This approximates the degree resistance exhibited 
mouse red cells tetanolysin, but less than the greater resistance strepto- 
lysin pneumolysin and Cl. toxin. 


Iam grateful Dr. Hewitt for gift Streptolysin Standard Antitoxin. 
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earlier publication (Barnett, Bushby and Mitchison, 1953) strains 
tubercle bacilli low resistance isoniazid were shown fully virulent 
mice and guinea-pigs and treatment these animals with isoniazid gave almost 
complete protection. The purpose our present investigation was determine 
the virulence strains with higher degrees resistance, and see whether the 
disease produced was influenced treatment with isoniazid. 


METHODS. 


Strains.—These comprised the virulent laboratory strain, variant H37Rv, 
made highly resistant isoniazid transfers sub-inhibitory concentrations iso- 
niazid Dubos Tween-albumin medium (Barnett al., 1953) and resistant strains, 9652, 
3073 and 2736, obtained from the sputa patients under treatment with isoniazid. 

Variant was grown Dubos medium containing isoniazid/ml. Exp. and 
per ml. Exp. The resulting growth was standardized weight vaccine 
centrifuge tube and injected into mice and guinea-pigs. 

The strains from patients were isolated isoniazid-free Léwenstein slopes, and then 
inoculated series Léwenstein slopes containing range isoniazid concentrations. 
Subcultures were made from the slope containing the highest concentration isoniazid 
which growth was the same degree the control isoniazid-free slope. Subsequent 
cultures were maintained slopes containing this concentration isoniazid which was 0-2 
for 9652, for 3073, and for 2736. this way any admixture 
organisms which had lower degree resistance was eliminated. Suspensions for infecting 
the animals were obtained scraping off the growth soon this became apparent and 
shaking weighed amount for minutes bottles containing glass beads and Dubos medium. 
The strain H37Rv was grown either Dubos medium Léwenstein slopes free iso- 
niazid. Before infecting the animals sensitivity tests and viable counts were set from all 
the suspensions. 


Sensitivity tests. 

Sensitivity tests isoniazid were carried out Dubos medium and Léwenstein 
slopes described previously (Barnett al., 1953). The results obtained Léwenstein 
slopes probably give the better measure the degree resistance (Mitchison, 1953). 
addition rough assessment the proportion the population capable growth various 
isoniazid concentrations was obtained Exp. and sowing the suspension, undiluted 
and diluted 100 and 10,000, with calibrated loop Léwenstein slopes. 


Viable counts. 


The number viable units, clumps organisms developing into single colonies, 
was determined the method Fenner (1951) using oleic acid-albumin agar, containing 
0-5 per cent bovine fraction albumin but yeast extract. 


*In receipt grant from the Medical Research Council, 
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Animal 


each experiment mice and guinea-pigs were infected with the same suspension the 
same day. White mice the Schofield strain groups were injected intravenously 
with 1-2 mg. and mg. bacilli (wet weight). Guinea-pigs were injected intra- 
muscularly the right thigh with 0-1 mg. bacilli. The treatment with isoniazid was 
begun immediately after infection, and was continued until the animals either died were 
killed the end the experiment. Except Exp. the drug was given subcutaneously 
and the dose was either mg./kg. mg./kg., given a.m. and p.m. daily, except 
Saturdays, when only one dose, and Sundays when none, was given. Guinea-pigs were 
weighed fortnightly intervals and the dose adjusted accordingly. 

Post-mortem examinations and some cases histological and cultural examinations were 
made the lungs mice. Complete post-mortem examinations were made all guinea- 
pigs, and histological examination was made the spleen, liver and lungs all animals 
which there was little macroscopic tuberculosis and sample the remaining 
animals. Portions the spleens and, some cases, the inguinal glands guinea-pigs were 
cultured Léwenstein slopes. Where there was macroscopic tuberculosis the spleen 
range slopes containing isoniazid was inoculated directly with the tissue suspension, but 
where there was macroscopic tuberculosis sensitivity tests were done colonies from the 
primary culture. Negative cultures were incubated for weeks. 

Mantoux tests with 0-1 ml. dilutions Old Tuberculin (OT) were carried out Exp. 
2,4 and and were read after hours. Guinea-pigs Exp. and had coloured skins and 
the results will referred briefly. Those Exp. were all white. 


RESULTS 


Experiments and 


these experiments H37Rv and the variant were compared. Variant 
grew but not isoniazid/ml. Dubos medium after days’ incubation 


and Léwenstein slopes, grew 200 but not 500 the first experi- 
ment each strain was injected into guinea-pigs which were divided into groups 
each group animals was killed days and half days. the second 
experiment guinea-pigs, which were treated, were infected with variant 
These were killed intervals, the last six days. control group 
untreated animals was infected with H37Rv. The mouse tests were terminated 
days. 


Results. 


Exp. untreated animals infected with H37Rv developed 
extensive tuberculosis degree similar that described and assessed Exp. 
and those treated (at both levels) were completely protected. The histological 
appearances the organs the treated animals were normal and cultures from 
their spleens were negative, all subsequent experiments with one exception 
noted Exp. 

Guinea-pigs infected with variant showed little evidence tuberculosis. 
caseous abscess was found the site inoculation out animals. The 
draining lymph glands were usually enlarged, and them contained caseous 
foci variable size. There was macroscopic evidence tuberculosis the 
spleens, livers lungs any the animals except that one, killed after 
days, minute tubercles the spleen and liver were just visible. 

The histological and cultural findings are summarized Table Sections 
the livers animals killed after days contained small collections from 
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histiocytes infiltrated with lymphocytes. Similar but less numerous lesions were 
found the spleen and lungs. acid-fast bacilli were found these lesions, 
but spleen cultures from out the guinea-pigs were positive, yielding scanty 
colonies the same degree isoniazid resistance the suspension used for infect- 
ing the animals. the other hand animals killed after days the organs were 
histologically normal, contained lesions composed histiocytes 
which appeared regressing. The spleen cultures were negative. 

The organisms isolated from the spleens animals infected with variant 
were injected into guinea-pigs. 138 days later there was macroscopic 
histological evidence tuberculosis except one where there was caseous 
abscess the site inoculation and caseous inguinal gland, from which cultures 
failed yield tubercle bacilli. 

The regressive nature the lesions produced the variant was clearly 
shown Exp. where the period observation was extended. both two 
guinea-pigs killed days there were small areas caseation the inguinal 
glands. Similar lesions were found out animals killed days. 
However, the only evidence tuberculosis animals killed 144-147 days was 
small abscess the site inoculation one. 

The organs guinea-pigs killed days contained microscopic lesions 
similar those animals Exp. killed after the same period, and cultures 
both spleens yielded scanty colonies resistant bacilli. the other hand the 
histological appearance the organs was normal and tubercle bacilli were iso- 
lated from the spleens animals killed after days more. 

neither experiment did treatment with isoniazid influence any the findings 
animals infected with variant 

The animals infected with H37Rv the second experiment developed the 
usual extensive tuberculosis two were killed after days and two died after 
and 107 days. 

Mice.—The protocol the mouse test Exp. given Table 
ment with isoniazid protected the mice infected with H37Rv except for animals 
which died after 51, and days with macroscopic tubercles their lungs. 
Variant was distinctly less virulent than H37Rv, though still capable killing 
per cent untreated mice infected with mg. Treatment afforded 
protection, and, fact, appeared decrease the number survivors and the 
survival time. 

Exp. the mice were treated the one-dose level mg./kg. and the 
results are included Table II. this test the variant was incapable 
causing fatal tuberculosis untreated mice, but out the treated animals 
died with gross macroscopic tuberculosis. Histological examination the lungs 
the untreated surviving animals showed only small patches infiltration with 
histiocytes and lymphocytes which tubercle bacilli were scanty absent, and 
similar lesions but somewhat more marked were present the treated survivors. 
The surviving treated mice infected with H37Rv showed variable degree histo- 
logical tubercle formation which acid-fast bacilli were found. 


Experiment 

this experiment four guinea-pigs were infected with variant after 
subcultures Dubos medium free isoniazid, during which retained its resis- 
tance. The animals received treatment and were killed after days. This 
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TABLE Experiment Mice with H37Rv 
and its Resistant Variant 


Infecting dose Average 
per mouse Dose Number mice out day 
Experi- Viable (mg. /kg./ lungs 
ment. Strain. units. day). 8ldays. 


— 


— 


* 


5 


_ 


growth oleic acid-albumin agar plates. 
mice died from non-tuberculous causes. 

more distended than normal. 

few small tubercles. 


organism was still non-invasive, for the only evidence tuberculosis was caseous 
abscesses the site inoculation three the animals. 


Experiments and 


these experiments H37Rv and the three isoniazid-resistant strains from 
patients were compared. These strains had been subcultivated twice isoniazid- 
containing medium and the degrees resistance are shown Fig. can 
seen that Exp. the majority the population 9652 was inhibited 
Strain 3073 was slightly more resistant, most the organisms being inhibited 
and strain 2736 was highly resistant degree comparable 
variant For Exp. the strains had been subcultivated four times isoniazid 
containing medium, and the degree resistance remained unaltered except that 
the small component strain 9652 capable growth was absent. 

Exp. each the strains was injected into guinea-pigs, which were 
untreated and were treated with isoniazid mg./kg./day. Half these 
animals were killed after days and the remainder after days. One treated 
guinea-pig infected with 9652 died days. The mouse test was terminated 
days. 

Exp. the strains were injected into larger groups animals. Strains 
H37Rv, 3073 and 2736 were each injected into guinea-pigs, and 9652 was 
injected into guinea-pigs. Half these animals were untreated, and the 
other half were treated with isoniazid mg./kg./day. One treated animal 
infected with 9652 and one untreated animal infected with died from 
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non-tuberculous causes the 25th and 40th days respectively. The remaining 
animals were killed days. The mouse test was terminated 100 days. 


Results. 

Guinea-pigs.—The results Exp. are shown Fig. gives 
comparison the degrees tuberculosis produced each strain Exp. and 
assessed follows: Out total 100 points maximum each was allocat- 
the spleen and liver, the lungs and the local abscess and lymph 


G 


D 


Isoniazid concentration ml. 


Fic. 1.—The isoniazid sensitivity H37Rv and resistant strains from patients. Approxi- 
mate numbers viable units per mg. the strains capable growth Léwenstein slopes 
containing range isoniazid concentrations. Results read after days’ incubation 
which did not differ significantly from those after days. 


Top line—Exp. 
Bottom line—Exp. 


glands. maximum points was allocated histological involvement 
macroscopically normal spleen liver and similar lung. The histological 
and cultural results both experiments are summarised Table 

Exp. untreated animals infected with H37Rv developed lesser degree 
tuberculosis than was usual, but, Experiment the strain H37Rv was again 
fully virulent. 

Strain 9652, having the lowest degree resistance, caused extensive tubercu- 
losis. Exp. after exclusion non-tuberculous deaths, the amount disease 
found treated guinea-pigs infected with this strain was not significantly different 
from that found untreated animals. The amounts tuberculosis untreated 
animals infected with H37Rv and untreated animals infected with 9652 were 
also not significantly different but comparison made between the untreated 
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H37Rv group and both treated and untreated animals infected with 9652 the 
former had slightly larger amount tuberculosis. 0-02 
can therefore conclude that 9652 was probably slightly less virulent than fully 
virulent strain H37Rv. 

Strain 3073, with intermediate degree resistance, appeared low 
virulence, producing small but variable amount tuberculosis. There was 


Untreated 


experiment guinea-pigs with H37Rv and resistant strains from 
patients. Result Exp. The extent tuberculosis the organs indicated the 
degree shading, complete shading indicating maximal involvement and stippling minimal 
involvement. The liver indicated rectangle and the spleen oval. From the 
right leg upwards are shown the site inoculation, the draining inguinal glands, the sub- 
lumbar gland and the coeliac gland. Enlarged glands are marked open circles, which are 
shaded there was any degree caseation visible macroscopically. 


suggestion that the tuberculosis caused this strain healed slightly during the 
period between the 42nd and 77th day (see Fig. 2). Thus the animals killed 
days, had macroscopic disease the lungs, liver spleen and the 4th had 
microscopic lesions. the killed days had macroscopic disease these 
organs but they were entirely normal the other three. 

Strain 2736, with high degree resistance, behaved manner very similar 
that shown Exp. and indicating that had lost the ability produce 
progressive tuberculosis. Once more histological lesions and spleen cultures 
became negative after the 42nd day (see Table I). Exp. cultures two 
inguinal glands from animals killed days yielded heavy growths, whereas, 


ISONIAZID-RESISTANT TUBERCLE BACILLI 575 


Exp. only out such cultures from animals killed days grew few 
colonies. Thus organisms the inguinal glands also appeared die out between 
the 42nd and 71st days. 

Treatment with isoniazid completely protected guinea-pigs infected with 
H37Rv. Unexpectedly one their spleen cultures yielded colonies highly 
resistant bacilli. Both the macroscopic and histological appearance the organs 
this animal were normal. The strain was injected into two guinea-pigs, which 
were killed during which they received treatemnt. They both had 
abscesses the site inoculation and caseous tubercles the inguinal glands, 
but further evidence tuberculosis. 

Among animals infected with the three resistant strains isoniazid treatment had 
influence the macroscopic appearance post mortem, the histological 
findings, the results spleen inguinal cultures the degree resistance found 
recovered strains. Sensitivity tests cultures recovered from the spleens and 
inguinal glands showed alteration 

Mice.—The protocol Exp. given Table III. The low degree viru- 
lence the H37Rv strain, apparent the guinea-pigs, was also the mice 
since, even with the 1-0 mg. dose per cent the untreated mice survived. 


Experiment Mice with H37Rv and 
Resistant Strains from Patients. Result Experiment 
Infecting dose Dose Number mice sur- Average 
per mouse. out day day Appearance 
day). 63. 83. days. survivors. 
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to 


mg. Viable units. 
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growth oleic acid-albumin agar plates. 
the 24th day some the deaths were attributable 

non-tuberculous causes. 
more distended than normal. 
few small tubercles. 


few large tubereles. 
many large tubercles. 


Unfortunately, the 24th day there were (out 10) non-tuberculous 
deaths this experiment both the treated groups mice infected with H37Rv 
and various other groups. However, the mice that died from about the 24th 
day onwards showed typical macroscopic tuberculosis post mortem and 
further deaths occurred the treated H37Rv groups. 
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spite this defect one can draw the following conclusions: Strain 9652 
was virulent mice, though the degree virulence could not assessed. 
Treatment with isoniazid certainly did not markedly protect the mice infected 
with this strain, but whether the survival rate was altered not known, since the 
apparent decrease might have been due the non-tuberculous deaths. Strains 
3073 and 2736, though capable causing tubercle formation, were not able kill 
untreated animals, except for mice dying the 67th and 80th days. There 
evidence that isoniazid treatment increased the virulence these strains, since 
number the treated animals died with typical tuberculosis the later period 
the experiment when adventitious deaths were occuring, and the increase was 
most marked the animals infected with the higher dose. 

Exp. the intermediate resistant strain 3073 was not used and the treated 
animals infected with H37Rv, 9652 and 2736 were given the drugs dose 
levels 20, and 0-8 mg./kg./day the subcutaneous route. Groups were also 
included which treatment mg./kg. was given the diet exclude the 
possiblity that deaths had been accelerated the procedure subcutaneous 
injection. 

The results are shown Table Isoniazid the mg./kg. level given 


Experiment Mice with H37Rv and 
Resistant Strains from Patients. Result Experiment 


Infecting dose Dose Average 
per mouse isoniazid Number mice sur- day 
units. 20. 40. 60. 80. 10. days. survivors. 


10. 


co 


growth oleic acid-albumin plates. 
distended than normal. 


few small tubercles. 
few large tubercles. 
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completely protected animals infected with H37Rv. When this 
dose isoniazid was given the diet out the mice infected with 1-0 mg. 
died during the first days probably because the intake food and therefore 
isoniazid was low during this period. Protection was almost complete when the 
dose, given subcutaneously, was mg./kg. and was partial 0-8 mg./kg. the 
end the experiment cultures were taken from the lungs the treated 
mice infected with H37Rv. these were positive and were resistant 
isoniazid (growth 0-2 the sensitive strains were from mice 
treated with the 0-8 mg. dose isoniazid. 


H37Rv 


° 


Days after infection 


Fic. 3.—Development allergy guinea-pigs infected with H37Rv and resistant strains 
from patients. 


The average diameter the Mantoux reaction 0-1 ml. shown 
intervals after infection. The figures indicate the number animals with negative reactions 
(included the average) out infected with 2736 and with H37Rv (untreated). 


Strain 9652 proved almost virulent H37Rv, and strain 2736 very 
low virulence. The apparent increase virulence treatment with isoniazid 
was less marked than Exp. for only the group infected with 1-0 mg. 
9652 and treated with mg./kg. was there significantly shorter survival than 
the untreated controls 0-02 enhancing effect was seen the 
corresponding group treated with mg./kg., but since 9652 had low degree 
resistance the higher treatment level might have partially inhibited multiplication 
the mice. The fact that there was apparent increase virulence with the 
higher dose isoniazid excludes the possibility the effect being due toxicity. 


reactions. 


Exp. serial Mantoux reactions were done with 1000 and the results 
are shown reactions the treated guinea-pigs infected with H37Rv 
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remained negative except for transitory weak reactions the animals. 
This was also observed similar animals Exp. all the remaining groups 
allergy developed the same degree between the 12th and day. After the 
day the degree allergy animals infected with 2736 decreased gradually, 
whereas those infected with 9652 and (untreated) increased. 
similar decline allergy may have begun after the 49th day those infected with 
3073. Retesting with after days indicated low level allergy 
guinea-pigs infected with 2736 (average diameter reactions 13-9 mm. 0-77), 
and even lower level treated animals infected with H37Rv (average 8-9 mm. 
The degree allergy also gradually declined guinea-pigs infected with 
variant Exp. between the 35th day (average 13-9 mm. 0-9 with 100 
OT) and the 134th day (average 10-2 mm. 2-2 with 1:10 OT). the 143rd 
day the surviving animals were injected intraperitoneally with ml. undiluted 
and out died with signs tuberculin shock. 


Viability strains. 

both Exp. and the suspensions strain 2736 prepared from 10- and 21- 
day cultures did not grow the oleic acid-albumin agar plates, even 
after weeks’ incubation. One could conclude that there were least 1000 times 
fewer bacilli capable growth this medium than would expected from the 
counts the remaining strains which were normal. Subsequent experiments with 
this strain indicated that small but variable proportion the inoculum could 
grow under these conditions. the Léwenstein slopes growth occurred, but 
the viable count was about 100 times lower than would expected. 


V.—The Degree Tuberculosis Found Guinea-pigs 
Infected with H37Rv and Resistant Strains from Patients. 


Inhibitory Average degree tuberculosis 

concentration Dose experiment number. 
Strain. isoniazid isoniazid 
H37Rv 0-2 47-5 (4) (5) 
9652 


3073 
2736 200 


The degree tuberculosis was assessed out possible total 100 explained the text. 


Animals dying from non-tuberculous causes Exp. were excluded. The figures brackets are 
the numbers animals which each average based. 


Exp. the viable count the suspension variant was normal. How- 
ever Exp. there was growth the plates and, spite contamination 
many the plates, one could also conclude that there were least 100 times 
fewer colonies them than would expected from the parallel count H37Rv. 
loopful this suspension yielded confluent growth slopes. 
further counts variant there have been irregular failures yield the expected 
number colonies oleic acid-albumin agar plates, although growth 
stein medium occurred the expected extent. 
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DISCUSSION. 


The main conclusion drawn that there apparently relation between 
the degree isoniazid resistance strains tubercle bacilli and their virulence 
guinea-pigs and mice. The highly resistant strains, and 2736, produced only 
minimal lesions guinea-pigs. mice they caused tubercle formation the 
lungs which, was either incapable killing the animals only killed them after 
longer time than was taken the same weight sensitive bacilli. Further- 
more, the highly resistant strain isolated, Exp. from the spleen guinea-pig 
infected with H37Rv and treated with isoniazid was found low virulence, 
although the circumstances which resistance developed would appear favour 
the selection virulent organisms. Strain 3073, with slightly lower degree 
resistance, caused rather more extensive lesions guinea-pigs, and these tended 
regress slighly with the passage time. mice this strain showed the same 
lack virulence did the highly resistant strains. Strain 9652, with lower 
degree resistance, was only slightly less virulent than H37Rv guinea-pigs and 
mice. Finally, have previously reported (Barnett al., 1953), strains 
with even lower degree resistance were fully virulent guinea-pigs and mice. 

The virulence resistant strains appears fairly stable character. Thus 
strain produced the same minimal lesions following passage through guinea-pigs 
after subcultures isoniazid-free Dubos medium. The virulence strains 
2736, 3073 and 9652 was also similar Exp. and between which the strains 
were subcultivated twice. 

Frequent subcultivation H37Rv Dubos medium may sometimes lead 
loss virulence. Strain was subcultivated this medium, and this might 
considered contributory factor the loss virulence. However, Exp. 
the H37Rv control strains had been subcultivated with parallel and was 
virulent. Furthermore, Exp. H37Rv appeared have become partially 
attenuated during subculture and now had about the same degree virulence 
mice had variant Exp. However, guinea-pigs the attenuated H37Rv 
strain was still capable causing fairly extensive tuberculosis, whereas variant 
only produced minimal lesions. Thus the relatively higher virulence mice than 
guinea-pigs appears establish that the lack virulence was qualitatively 
different from that sometimes occurring strains H37Rv during subculture. 

Isoniazid has rapid bactericidal action (Mackaness and Smith, 1953). The 
complete lack tuberculous lesions and the low level allergy found treated 
guinea-pigs infected with indicate that the bacilli failed multiply 
any extent these animals. the other hand the local lesions, microscopic 
tubercles the organs and the initial rise allergy animals infected with 
and 2736 suggests that these highly resistant strains were capable initial multi- 
plication the host. After this initial period multiplication the bacilli tended 
die spontaneously, shown the failure obtain positive spleen cultures after 
weeks (Table I), the fall positivity cultures from inguinal glands after 
weeks (Table I), the tendency for lesions the site inoculation and the drain- 
ing glands heal (Exp. and the gradual fall the degree allergy after 
weeks (Fig. also likely that there was period preliminary multiplica- 
tion mice, since macroscopic tubercle formation was found survivors injected 
with 2736 Exp. and but not treated mice infected with H37Rv. Since 
the infecting dose bacilli was much larger weight-for-weight basis mice 
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than guinea-pigs, this initial growth might responsible for the greater viru- 
lence resistant strains mice than guinea-pigs. 

Such phase intial multiplication followed apparent death the organ- 
isms vivo very similar the behaviour strain vitro, since have 
shown previously (Barnett, al., 1953) that, during the first subcultures this 
strain Dubos medium containing isoniazid, fully grown cultures often failed 
grow only grew after considerable delay when subcultivated the same 
medium. Furthermore the failure obtain growth from young cultures variant 
and 2736 the viable counts the present investigation suggests that these 
strains had poor viability. This poor viability seems related the medium 
employed, since the viable counts medium Exp. and were 
not low those oleic acid-albumin agar. 

The lack virulence mice strain 2736 Exp. and and variant 
Exp. might due completely part the death proportion the 
organisms the infecting dose shown the low viable counts. favour 
this view the finding Exp. that 1-2 mg. suspension variant which 
yielded normal viable count killed all the untreated mice after average 
32-9 days whereas, experiment 1-0 mg. suspension this strain, which 
did not grow the viable count, failed kill any the untreated mice. How- 
ever, Exp. variant was considerably less virulent than H37Rv, and 
Exp. strain 3073 was virulent 2736, although both cases the counts 
variant and 3073 were normal. Thus the low viable counts the suspensions 
these resistant strains can explain only part their lack virulence. 

The apparent increase virulence resistant strain mice which are being 
treated with isoniazid should treated with reserve. Although this was observed 
Exp. and the failure obtain clear-cut result Exp. shows that fur- 
ther work necessary establish the effect. such stimulation virulence was 
observed guinea-pigs, nor was there any evidence vitro dependency 
any the strains. 

have shown previously (Barnett, al., 1953) that mice and guinea-pigs 
infected with slightly resistant strains capable good growth 
slopes containing 0-2 but yielding sparse colonies were protec- 
ted considerable extent treatment with isoniazid mg./kg./day. Using 
the same dose isoniazid the degree protection obtained infections caused 
9652 was very slight absent. Thus strains that were largely inhibited 
Léwenstein slopes produced infections which responded vivo 
treatment with isoniazid, whereas those capable good growth 
produced infections which did not respond treatment but were found have 
lost part all their virulence. 

Nevertheless patients the Medical Research Council (1952) trials who deve- 
loped resistant strains (growth Léwenstein slopes containing more) 
benefited less from treatment with isoniazid than did those whose strains remained 
sensitive. This appears imply that resistance strains were some extent 
virulent man. However, remains possible that the treatment with isoniazid 
may have increased the virulence the strains appeared have done 
the mice Exp. Furthermore highly resistant strains from patients 
may contain bacilli with lower degree resistance, and the resistance strains 
the sputum may not the same the resistance bacilli areas the lungs 
containing progressive tuberculous lesions. Thus possible that extension 
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tuberculosis patients with resistant strains the sputum may caused 
organisms with low degree resistance and relatively high degree virulence, 
similar behaviour strain 9652. 


SUMMARY. 


/ 


highly isoniazid-resistant variant the H37Rv strain Myco. tuberculosis 
and similarly resistant strain from patient, both capable growth 
stein slopes containing isoniazid, produced minimal tuberculous lesions 
untreated guinea-pigs, which tended heal spontaneously, and had low degree 
virulence when injected intravenously mice. guinea-pigs there was evi- 
dence from resolution the tuberculous lesions, cultures the spleens and in- 
guinal glands and serial Mantoux reactions that the bacilli multiplied initially 
the host and then died out. The low virulence found these strains differed 
from that occasionally found the H37Rv strain after numerous subcultures 
Dubos medium, since there was relatively greater lack virulence guinea-pigs 
than mice. 

The results similar experiments with strains lower degree resistance 
suggested negative correlation between virulence and degree isoniazid resis- 
tance. The degree virulence resistant strains was not altered subculture 
passage through guinea-pigs. 

Treatment with isoniazid did not alter the extent the tuberculous lesions 
any the guinea-pigs infected with these strains. However, three experi- 
ments the survival period mice infected with resistant strains was decreased 
treatment with isoniazid greater extent treatment levels mg. than 
4mg./kg./day. Ina fourth experiment treatment did not alter the survival period. 


are indebted Dr. Harrison for assistance histological interpreta- 
tion and Miss Monk for technical assistance. The isoniazid employed for the 
vitro work and the guinea-pig experiments was supplied 
Messrs. Squibb, London. 
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